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PREFACE. 


Owing  to  the  fact  that  there  is  no  text-book  in  English,  or  in 
any  other  language,  which  covers  a  general  course  in  Mineralogy, 
I  have  decided  to  publish  the  series  of  lectures  which  I  have  deliv- 
ered diuing  the  pdst  five  years  at  Case  School  of  Applied  Science. 
These  lectures  are  a  compilation  from  various  authors,  and  in  many 
cases  the  material  has  been  copied  verbatim  without  the  use  of 
quotation-marks  to  indicate  the  fact,  because  in  some  instances 
only  phrases,  while  at  other  times  whole  paragraphs,  were  taken, 
and  the  work  was  completed  so  long  ago  that  I  have  forgotten  even 
which  parts  were  quoted,  and  it  would  involve  too  much  trouble  to 
attempt  to  find  them.  Therefore  I  hope  to  be  excused  from  an 
apparent  wholesale  plagiarism  which  can  hardly  be  avoided  under 
the  circumstances.  The  chief  faults  with  most  existing  text-books 
are,  either  that  they  are  not  modern,  or  that  one  devotes  too  much 
time  to  a  certain  division  with  the  consequent  curtailing  of  others. 
One  will  be  all  Crystallography,  another  all  Physical  Mineralogy, 
while  a  dififerent  one  will  be  devoted  practically  to  Descriptive 
Mineralogy.  My  chief  sources  were  as  follows:  Prof.  H.  Rosen- 
busch.  Lectures  on  General  and  Special  Mineralogy,  delivered  at 
Heidelberg  University,  Germany,  1893-1894;  George  H.  Williams, 
Elements  of  Crystallography;  Paul  Groth,  Physikalische  Krys- 
tallographie;  Gustav  Tschermak,  Lehrbuch  der  Mineralogie;  Nau- 
mann-Zirkel,  Elemente  der  Mineralogie;  H.  Rosenbusch,  Mikro- 
skopische  Physiographic  der  petrographisch  wichtigen  Mineralien; 
Prof.  A.  Osann,  Lectures  on  Physikalische  und  Chemische  Krystal- 
lographie,  Heidelberg,  1895;  E.  S.  Dana,  Text-book  of  Mineralogy; 
J.  D.  Dana  and  E.  S.  Dana,  System  of  Mineralogy;  Mineral  Resources 

158570  *" 
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of  the  United  States,  Twenty-first  Annual  Report,  U.  S.  Geological 
Survey.  No  illustrations  are  used  because  of  additional  expense, 
but  students  are  reqiiired  to  fill  in  any  necessary  sketches  on  the 
blank  pages.  The  publication  of  the  lectures  in  book  form  not 
only  saves  a  great  deal  of  time  which  is  necessarily  occupied  in 
delivering  them,  but  makes  the  course  more  efficient  by  rendering 
the  subject-matter  more  compact  and  easily  accessible  to  the  stu- 
dents. F.  R.  V.  H. 

Cleveland,  April,  1903. 
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GENERAL  AND  SPECIAL  MINERALOGY. 


INTRODUCTION. 

Mineralogy  is  that  branch  of  Natural  Science  which  treats  of 
minerals.  A  mineral  is  a  solid  or  liquid  homogeneoiLS,  inorganic 
body  which  is  a  direct  product  of  Nature,  In  the  strictest  sense  of 
the  term,  a  mineral  is  a  natural  product  formed  without  the  inter- 
vention of  organic  processes  or  human  wiU,  but  there  are  few  who 
actually  carry  out  to  the  fullest  degree  this  special  meaning  of  the 
word.  Let  us  examine  the  above  definition  somewhat  in  detail, 
as  it  is  important  to  know  just  what  comes  under  the  domain  of 
Mineralogy.  The  word  ''liquid"  was  used  so  that  water  and 
mercury,  which  are  true  minerals,  might  not  be  omitted.  By 
some  authors  the  constituents  of  the  air,  and  other  inorganic  gases 
such  as  carbon  dioxide  and  hydrogen  sulphide,  which  are  foimd 
in  considerable  quantities  in  the  neighborhood  of  volcanoes,  are 
considered  as  minerals.  If  the  word  "fluid"  should  be  substi- 
tuted for  "liquid"  in  the  above  definition,  these  gases  would  be 
included,  because  fluid  embraces  both  liquids  and  gases.  The 
word  "homogeneous"  was  used  because  a  homogeneous  body 
must  have  throughout  its  whole  extent  essentially  the  same  physi- 
cal and  chemical  properties.  Therefore  rocks  which  are  generally 
made  up  of  two  or  more  minerals  are  not  homogeneous,  and  are 
considered  in  Petrography,  which  is  a  branch  of  Structural  Geol- 
ogy- We  also  find  that  many  minerals  are  impure  and  contain 
inclusions  of  foreign  matter,  so  that  they  are  not  strictly  homoge- 
neous. These  inclusions  are  most  frequently  crystals  of  some 
other  mineral,  but  they  may  be  glassy,  liquid,  or  gaseous;  and, 
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4  GENERAL  AND  SPECIAL  MINERALOGY 

whatever  their  nature,  they  are  generally  of  microscopic  size; 
Thus  we  often  find  needles  of  Rutile  and  Tourmaline  in  Quartz. 
Magnetite  in  Muscovite  Mica;  Asbestos  or  Amphibole  and  Pyrite 
in  Quartz  and  Calcite.  We  also  find  small  cavities  filled  with 
water,  solutions  of  salts,  hydrocarbon  compounds,  and  liquid  or 
gaseous  carbon  dioxide.  The  Quartz  crystals  in  a  Granite  at 
Branchville,  Conn.,  contain  so  much  liquid  carbon  dioxide  that 
they  are  said  to  explode  with  considerable  noise  when  broken. 
Many  Topazes  also  contain  the  same  substance.  It  is  also  quite  com- 
mon to  find  glassy  inclusions  in  the  minerals  found  in  some  lavas, 
as  Leucite  in  some  of  the  Italian  rocks.  The  use  of  the  microscope 
in  the  examination  of  thin  sections  of  rocks  has  shown  how  com- 
mon all  these  different  kinds  of  inclusions  are.  Minerals,  then, 
have  their  homogeneity  locally  disturbed  by  all  such  inclusions  as 
have  been  mentioned;  but  if  we  consider  the  mineral  apart  from 
the  inclusion,  it  is  homogeneous.  Theoretically  it  is  possible  to 
separate  these  inclusions  from  the  parent  mineral,  but  practically* 
on  account  of  the  microscopic  fineness  to  which  they  are  sometimes 
reduced,  the  feat  is  often  impossible.  However,  we  may  disregard 
such  slight  disturbances  of  homogeneity  and  consider  the  sub- 
stance as  a  mineral,  though  in  reality  it  is  a  mineral  aggregate. 
If  we  use  the  word  mineral  in  the  most  exclusive  manner,  then  all 
inorganic  secretions  and  concretions  which  have  been  made  by 
animals  or  vegetables  are  not  to  be  classed  as  minerals.  Examples 
of  such  substances  of  animal  origin  would  be  corals,  shells,  and 
bones;  while  coal,  amber,  and  infusorial  earth  represent  the  vege- 
table kingdom.  Neither  are  artificial  inorganic  substances  made 
by  man  in  his  laboratory  to  be  considered  as  minerals;  so  that  all 
these  facts  show  us  that  there  are  many  inorganic  substances 
which  do  not  come  within  the  province  of  Mineralogy,  which  is  a 
branch  of  Inorganography,  if  I  may  coin  a  word  which  is  used  in 
other  languages  but  not  in  EngUsh,  which  therefore  is  a  more  com- 
prehensive subject  than  Mineralogy. 

Now  that  we  know  what  a  mineral  is,  and  of  what  the  subject 
treats,  let  us  look  at  the  historical  development  of  the  Science. 
Since  the  beginning  of  history,  the  formation  of  the  Earth  and 
the  changes  through  which  it  has  passed  have  always  been  the 
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objects  of  earnest  discussion,  so  that  the  Geology  of  the  Earth 
has  been  more  or  less  subjected  to  speculation.  On  the  other 
hand,  the  knowledge  of  the  Minerals  or  bodies  occurring  in  the 
crust  of  the  earth  was  very  vague  and  indefinite.  Only  gold,  cer- 
tain gems,  and  minerals  which  were  of  economic  value  to  man  are 
mentioned  in  the  older  manuscripts.  Aristotle  (384-322  B.C.), 
the  greatest  of  all  the  Greek  Natural  Philosophers,  and  his  pupil 
Theophrastus,  WTote  about  minerals,  collecting  what  people  told 
them  about  the  various  gems  and  valuable  substances  of  similar 
nature.  Pliny  the  Elder,  who  lost  his  life  during  the  eruption  of 
Vesuvius  in  79  a.d.,  gathered  many  facts  about  stones,  and  gave 
incomplete  descriptions  of  them;  but  in  most  cases  he  called  them 
by  such  names  that  it  is  either  difficult  or  impossible  to  distinguish 
the  substances  to  which  he  referred.  After  the  destruction  of 
Greek  and  Roman  civilization,  the  Natural  Sciences  were  next 
taken  up  by  the  Arabians,  one  of  the  best  known  being  the  physi- 
cian Avicenna  (980-1036  a.d.),  who  distinguished  Stones,  Com- 
bustible Minerals,  Salts,  and  Metals.  In  Europe  during  the  Middle 
Ages,  Science  was  discoiu-aged  by  the  clergy,  and  it  was  not  until 
the  middle  of  the  sixteenth  century  that  the  development  of  the 
mining  industry  of  Germany  caused  the  mineral  kingdom  to  be 
studied  with  increased  energy.  In  1546,  Georg  Agricola  (1490- 
1555),  the  physician  of  Joachimsthal  and  Chemnitz  in  Saxony, 
wrote  a  book  called  "De  Natura  Fossilium,"  or  "On  the  Nature 
of  Fossils."  This  work  treated  extensively  of  minerals,  and  con- 
tained not  only  what  he  could  find  from  ancient  writers  on  the 
subject,  but  also  what  he  learned  from  th^  miners  of  the  Erzge- 
birge,  as  well  as  many  facts  which  he  had  himself  observed.  Many 
terms  such  as  Quartz,  Kies,  Spath,  and  Blende  were  miners'  terms 
which  have  come  to  have  a  distinct  scientific  significance,  and 
which  are  retained  in  English  as  Quartz,  Spar,  and  Blende.  Feld- 
spath  and  Schwerspath  are  known  as  Feldspar  and  Heavy  spar; 
and  many  other  of  our  mineral  names  may  be  traced  to  the  old 
German  mining  terms.  Agricola  was  more  or  less  scientific,  and 
considered  Hardness,  Cleavage,  Form,  and  Luster  much  in  the 
same  manner  as  we  study  them  to-day.  From  the  time  of  Agricola 
to  the  present  there  has  been  an  uninterrupted  progress.    In  1670 
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the  double  refraction  of  Calcite  or  Iceland  Spar  was  obsei-ved  by  a 
Dane  named  Erasmus  Bartholinus.  About  the  same  time  (1669), 
Steno,  another  Dane  who  lived  in  Florence,  fonnulated  the  Law 
of  Constant  Interfacial  Angles  on  crystals.  linnseus  (1707-1778), 
a  Swede,  was  the  father  of  Natural  History,  and  classified  Minerals 
as  well  as  animals  and  plants.  Crystallography  was  first  given 
special  attention  in  1772,  when  a  Frenchman  named  Rom6  de  I'lsle 
published  an  "Essay  on  Crystallography,  a  Description  of  the 
Observed  Forms  found  in  Crystals."  Abb6  R.  J.  Haiiy  (1743- 
1822),  another  Frenchman,  published  works  on  the  theory  of 
crystal  structure,  as  well*  as  important  books  on  Crystallography 
and  Mineralogy,  most  of  the  latter  being  published  about  the  time 
of  his  death.  Contemporaneous  with  Haiiy  lived  Abraham  Gott- 
lob  Werner  (1750-1817),  who  was  a  professor  in  the  famous  School 
of  Mines  at  Freiberg  in  the  Saxon  Erzgebirge.  Werner  was  the 
first  to  teach  Mineralogy,  and  especially  Geology,  as  separate 
sciences;  and  he  drew  scholars  to  hear  him  from  all  over  the 
civilized  world,  and  caused  German  methods  and  ideas  to  be 
spread  far  and  wide.  Subsequent  Germans  have  followed  in 
Werner's  steps,  and  I  suppose  it  may  truthfully  be  said  that  both 
Mineralogy  and  Geology  are  characteristically  German  sciences. 
In  the  early  part  of  the  nineteenth  century  there  were  many  men 
famous  in  Mineralogy  who  might  be  mentioned.  On  the  chemical 
side  of  the  subject,  we  see  such  names  as  Berzelius,  the  Swede; 
and  the  Germans,  Plattner,  von  Kobell,  Rammelsberg,  Heinrich 
Rose,  Robert  von  Bimsen,  who  was  \mtil  1889  Professor  of  Chem- 
istry at  the  University  of  Heidelberg;  here  also  belongs  the  Aus- 
trian, Mitscherlich,  who  formulated  the  Law  of  Isomorphism. 
In  Crystallography  we  find  Naumann,  Quenstedt,  Gustav  Rose, 
Gerhard  vom  Rath,  and  Weiss  in  Germany,  with  W.  H.  Miller  in 
England.  On  the  physical  side  of  Mineralogy,  there  were  Sir 
David  Brewster  in  Scotland,  Biot,  Senarmont,  Descloizeaux, 
in  France;  and  Haidinger,  Grailich,  and  Paul  Groth  in  Germany, 
the  latter  being  still  Professor  of  Mineralogy  in  the  University 
of  Munich.  Especially  during  the  last  twenty-five  years  much 
has  been  done  for  Mineralogy  by  means  of  the  microscope,  which 
was  applied  to  the  study  of  minerals  and  rocks,  and  furnishes  the 
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foundations  of  the  science  of  Petrography.  Some  of  the  pioneers 
of  this  movement  were  Sir  David  Brewster  in  Scotland  and  Gustav 
Rose  in  Germany.  Their  efforts  were  forwarded  at  a  later  date  by 
Henry  Clifton  Sorby  in  England,  Ferdinand  Zirkel,  present  Pro- 
fessor at  the  University  of  Leipzig,  and  A.  Michel-L^vy  and  Lacroix 
in  France.  Petrographic  methods  have  been  brought  to  their 
present  scientific  perfection  largely  through  the  investigations  and 
exertions  of  H.  Rosenbusch,  present  Professor  of  Geology  and 
Mineralogy  at  the  University  of  Heidelberg,  who  may  justly  be 
regarded  as  the  Father  of  the  modem  petrographic  methods  of 
work.  Many  of  Rosenbusch 's  pupils  in  America  have  become 
prominent.  Among  them  were  J.  Francis  Williams  and  George 
H.  Williams,  the  latter  Professor  of  Inorganic  Geology  in  Johns 
Hopkins  University  until  his  death  in  1895.  Others  still  alive  are, 
Frank  D.  Adams  of  McGill  University,  Montreal,  Louis  V.  Pirrson 
of  Yale,  and  J.  S.  Diller  of  the  U.  S.  Geological  Survey.  Many 
other  Americans  are  prominent  in  this  line  of  work,  notably  J.  P. 
Iddings  of  Chicago  University,  James  Wolf  of  Harvard,  and  J.  F. 
Kemp  of  Columbia.  Not  to  be  forgotten  for  his  work  in  Geology 
and  Mineralogy,  although  one  of  the  older  school,  is  James  D. 
Dana,  formerly  of  Yale,  but  now  deceased.  Such  is  a  brief  sum- 
mary of  the  development  of  Mineralogy,  with  some  of  the  names 
which  have  been  most  prominent  in  the  progress  of  our  science. 

One  thing  which  attracts  our  attention  when  we  handle  min- 
erals, is  that  they  often  occur  in  geometrical  or  polyhedral  forms, 
and  so  inclose  space.  These  forms  are  called  Crystals,  a  single  one 
being  known  as  an  individual.  Minerals,  unlike  most  rocks,  have 
a  definite  chemical  composition  which  as  determined  by  analysis  is 
sufficient  to  distinguish  one  mineral  from  another.  One  mineral 
also  acts  differently  from  another  when  treated  with  certain  chemi- 
cal reagents,  which  also  affords  us  a  means  of  determination. 
Again,  we  also  notice  that  minerals  differ  in  hardness  from  Talc 
or  Soapstone,  which  can  be  scratched  easily  with  the  finger-nail, 
to  Diamond,  which  is  the  hardest  known  mineral.  We  find  that 
minerals  differ  in  specific  gravity,  color,  transparency,  lustre, 
taste,  odor,  and  their  action  in  reference  to  light,  heat,  electricity, 
and  magnetism.    Here  we  deal  with  the  physical  properties  of 
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minerals,  while  in  the  two  previous  cases  the  morphological  or 
crystallographic,  and  the  chemical  properties  are  brought  into 
consideration.  These  different  properties  furnish  us  with  the 
means  of  classification  for  the  subject,  and  we  have  in  consequence: 

Part  I.    General  Mineralogy. 

Section  1.    Crystallographic   Mineralogy. 
Section  2.    Chemical  Mineralogy. 
Section  3.    Physical  Mineralogy. 

Part  II.    Special  Mineralogy. 

Section  1.    Descriptive  Mineralogy. 
Section  2.     Determinative  Mineralogy. 

The  scope  of  the  three  divisions  of  General  Mineralogy  is 
evident  from  their  names.  In  Descriptive  Mineralogy,  the  dif- 
ferent species  of  minerals  are  described  and  classified,  giving  the 
crystallographic,  chemical,  and  physical  characteristics  of  each. 
Determinative  Mineralo^  treats  of  the  various  methods  of  dis- 
tinguishing one  mineral  from  another,  and  evidently  includes 
all  divisions  of  Mineralogy  as  a  means  to  this  end. 


PART  I.    GENERAL  MINERALOGY. 

SECTION  1.    CRYSTALLOGRAPHIC    MINERALOGY. 
A.    General  Characters  of  Crystals. 

Crystallography  deals  with  the  morphological  properties  of 
minerals,  or  the  forms  in  which  they  occur.  We  found  that  these 
polyhedral  forms  were  called  crystals,  but  this  must  not  be  taken 
as  a  definition  of  a  crystal  because  other  things  besides  form  are 
essential  to  such  a  definition.  In  1819,  Edward  Mitscherlich 
of  Vienna  found  that  the  form  and  the  chemical  characteristics 
of  minerals  were  dependent  upon  each  other,  and  embodied  his 
discoveries  in  the  laws  of  Isomorphism.  He  found  that  many 
substances  of  analogous  composition  occurred  in  crystals  having 
similar  forms  and  nearly  the  same  angles,  and  that  they  often 
formed  mixed  crystals  with  each  other,  causing  the  angles  to 
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vary  slightly  with  a  corresponding  change  in  chemical  composi- 
tion. A  very  good  example  of  this  relation  of  chemical  properties 
to  form  is  seen  in  the  following  minerals:  Calcite,  CaCO,,  Dolomite, 
(Ca,Mg)CO„  Magnesite,  MgCOj,  Siderite,  FeCO,,  Rhodochrosite, 
MnCO,,  and  Smithsonite,  ZnCO,.  They  all  crystallize  in  a  form 
known  as  a  rhombohedron,  made  up  of  six  similar  rhombs.  The 
Calcite  angles  from  one  face  to  another  measure  105^  5',  while 
those  of  Smithsonite  are  107^  4(y.  These  six  minerals  are  all 
able  to  enter  indiscriminately  into  the  make-up  of  a  single  crystal, 
and  the  angles  will  vary  according  to  the  proportions  of  Calcium 
or  Zinc  Carbonatfe  which  are  in  that  individual.  From  this  be- 
havior, it  will  be  readily  seen  that  a  measurement  of  the  angles 
will  allow  us,  within  reasonable  limits,  to  determine  the  chemical 
composition  of  these  substances.  For  a  quarter  of  a  century  it 
has  also  been  known  that  the  form  of  a  mineral  bears  an  intimate 
relation  to  its  physical  properties.  An  example  of  this  relation 
can  be  seen  in  one  of  the  Calcite  rhombohedrons  above  mentioned. 
Such  a  form  has  one  direction  in  which  it  is  singly  refracting,  but 
in  all  other  directions  it  splits  up  light  so  that  we  see  two  images, 
or  is,  as  we  say,  doubly  refracting.  A  cube  never  has  this  prop- 
erty, and  we  find  that  the  distribution  of  all  other  physical  proper- 
ties bears  some  relation  to  the  form  in  which  the  mineral  occurs. 
Physical  and  chemical  characteristics  are  also  connected,  and 
from  one  the  others  may  some\imes  be  inferred.  There  are  two 
Feldspars:  Albite,  NaAlSi^Og,  and  Anorthite,  CaAljSiaO^,  which 
mix  in  every  proportion,  and  form  the  Plagioclase  Feldspars  called 
Oligodase,  Andesine.  Labradorite,  and  Bytownite.  Now  if  we 
have  the  chemical  analysis  of  these  minerals  we  can  tell  what  cer- 
tain of  their  physical  properties  will  be.  We  use  the  inverse  method 
most  frequently,  because  we  employ  the  physical  characteristics 
to  obtain  the  chemical  composition.  Every  characteristic  of  a 
mineral  which  is  united  and  bound  by  certain  laws  to  other  prop- 
erties or  characteristics,  belongs  to  the  being  of  the  substance  in 
question,  and  can  be  designated  as  an  essential  characteristic  of 
that  substance.  With  this  rather  lengthy  prelude,  together  with 
the  condition  that  the  form  of  every  cr3rstal  individual  must  be 
original  and  bear  the  stamp  of  Nature,  allowing  no  counterfeits, 
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we  may  define  a  crystal  as  follows:  A  trystal  is  a  rigid  body  pos- 
sessing an  essential  and  original  fornix  more  or  less  regularly  hounded 
by  polyhedral  faces,  which  is  iniimaiely  connected  vnth  Us  physical 
and  chemical  properties.  The  word  "  essential "  was  used  to  exclude 
the  forms  known  as  pseudomorphs  or  false  forms,  which  possess 
the  shape  but  not  the  being  or  essential  characteristics  which 
belong  to  the  form.  Limonite,  2Fe208+3H20,  does  not  crystal- 
lize in  a  geometrical  form  of  its  own,  but  We  often  find  it  in  the 
form  of  Pyrite,  FeSj,  which  is  a  cube  striated  in  three  directions 
at  right  angles.  From  the  form  we  expect  to  find  the  properties 
-of  Pyiite,  but  we  obtain  those  of  Limonite,  so  that  the  form  is  not 
an  essential  property  of  the  Limonite,  and  therefore  it  is  not  a 
crystal.  By  the  word  "original"  we  exclude  what  are  called 
cleavage  pieces,  which  also  have  polyhedral  forms,  with  their  prop- 
erties essential  to  the  form,  which  however  is  secondary  and  not 
made  by  Nature. 

Crystals  are  formed  when  a  substance  passes  from  a  fluid  into 
a  solid  condition.  They  may  be  formed  in  passing  from  a  gas  or 
vapor  into  the  solid  state,  or  from  a  liquid  condition,  either  aque- 
ous or  igneous,  into  the  solid.  As  to  size,  a  crystal  may  be  very 
large,  or  so  small  that  we  can  hardly  see  it  by  using  the  strongest 
systems  of  our  most  powerful  microscopes.  At  Acworth  and 
Grafton,  N.  H.,  large  crystals  of  Beryl,  BegAlaCSiOj)^,  are  found, 
one  of  which  was  45  by  24  inches  and  weighed  2^  tons.  In  Utah, 
G)^iun,  CaS04+2H20,  has  been  found  in  crystals  over  four  feet 
in  length;  but  the  largest  crystal  yet  recorded  was  one  of  Spodu- 
mene,  LiAlCSiO,),,  which  was  thirty  feet  long,  and  was  found  in 
the  Harney  Peak  district  of  South  Dakota  in  1900.  Crystals 
whether  infinitely  large  or  small  are  perfect  and  complete  at  every 
stage,  having  the  same  properties  at  all  times,  provided  the  sub- 
stance remains  the  same.  In  this  respect  a  cr}^stal  dififers  from 
animals  and  vegetables,  in  which  size  plays  an  important  part  in 
the  development  of  properties.  A  homogeneous  crystallized 
substance  which  is  bounded  by  geometrical  faces  is  called  a  crystal 
individualj  but  we  seldom  find  one  which  has  all  its  planes  or  faces, 
because  it  must  have  a  larger  or  smaller  place  by  which  it  is  at- 
tached to  some  object  in  order  to  grow.    There  must,  however,  be 
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enough  faces  present  to  allow  the  restoration  of  the  complete  form 
in  one's  imagination,  or  else  it  is  only  a  crystal  fragment.  The 
union  of  two  or  more  individuals  makes  a  crystal  aggregate^  while 
a  crystalline  aggregate  is  a  mass  of  crystals  devoid  of  geometrical 
form,  closely  packed  together.  Crystalline  aggregates  are  those 
in  which  the  crjrstals  can  be  distinctly  seen  with  the  eye,  but  they 
become  smaller  imtil  no  longer  perceptible  by  the  eye  alone,  in 
which  case  they  are  microcrystaUine;  in  case  the  individuals  can  no 
longer  be  seen  with  the  microscope,  the  aggregate  is  said  to  be  crypto- 
crystalline,  Aphanitic  is  a  word  applied  to  both  microcrystaUine 
and  cryptocrystalline  aggregates,  since  they  are  both  invisible  to 
the  unaided  eye.  In  all  crystalline  aggregates  the  polyhedral 
forms  are  absent,  since  the  grains  or  any  other  shaped  forms  have 
mutually  hindered  each  other's  growth,  but  each  grain  is  just  as 
much  a  crystal  with  the  exception  of  the  form  as  if  it  possessed  its 
complete  geometrical  boundaries,  since  its  physical  and  chemical 
properties  remain  the  same.  In  the  strictest  sense  these  grains 
are  not  crystals,  but  they  are  crystalline,  since  the  form  is  absent. 
When  we  study  and  examine  crystals  very  carefully,  we  notice 
that  in  them  certain  physical  properties  are  different  in  different 
directions.  An  example  of  this  is  seen  in  cohesion,  which  expresses 
itself  in  cleavage  and  hardness.  In  Halite,  NaCl,  the  cohesion 
of  its  particles  is  least  in  three  directions  at  right  angles  to  each 
other,  which  causes  it  to  break  into  cubes  when  struck;  Galena, 
PbS,  behaves  in  the  same  manner,  while  in  Calcite,  CaCO,,  the 
cohesion  is  such  that  it  breaks  into  a  rhombohedron  bounded  by 
six  similar  rhombs.  Some  crystals  are  more  difficult  to  scratch  in 
one  direction  than  in  others:  Kyanite,  AljSiOg,  is  much  softer  in 
the  long  direction  of  the  crystal  than  in  the  direction  at  right 
angles  to  it,  and  Calcite  differs  in  hardness  on  the  same  edge  accord 
ingly  as  you  cut  towards  or  away  from  you;  though  as  it  happens 
in  one  case,  we  are  cutting  toward  an  obtuse  angle,  and  in  the 
other  instance  in  the  direction  of  an  acute  angle.  We  have  already 
mentioned  the  fact  that  in  Calcite  there  is  one  direction  in  which 
light  is  singly  refracted,  while  in  all  other  directions  it  is  doubly 
refracted.  Other  crystals  such  as  Halite,  NaCl,  and  Fluorspar, 
CaF    never  refract  light  doubly,  but  they  differ  in  hardness  with 
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direction.  We  also  notice  that  the  distribution  of  heat,  electricity, 
magnetism,  and  the  action  of  chemical  reagents  diflfer  in  different 
directions  in  most  cases.  These  facts  are  of  just  as  much  impor- 
tance as  the  geometrical  form,  and  it  cannot  be  that  they  are  the 
result  of  accident.  We  might  therefore  define  a  crystal  from  an 
entirely  physical  standpoint  as  follows:  A  crystal  is  a  substance  in 
which  the  physical  properties  are  dependent  upon  direction.  In  this 
case,  the  cleavage  pieces  which  were  excluded  by  the  first  definition 
would  be  recognized  as  crystals;  but  on  the  whole  I  think  the 
former  definition  is  preferable.  However,  in  any  case,  cleavage 
pieces,  with  all  crystal  fragments  and  grains,  are  crjrstalline, — 
which  is  a  term  appUed  to  substances  in  which  the  physical  prop- 
erties depend  upon  direction,  whether  the  geometrical  form  is 
present  or  absent.  The  word  crystalline,  with  the  noun  crystal, 
was  originally  used 'with  respect  to  the  form  alone,  and  was  pri- 
marily applied  to  those  varieties  of  Quartz  known  as  Rock  Crystal, 
since  it  was  thought  that  the  Quartz  was  water  rendered  perma- 
nently soUd  by  intense  cold;  therefore  the  Greek  word  meaning 
frost  or  ice  was  given  to  the  Quartz  forms.  This  idea  is  still  popu- 
larly prevalent,  because  we  hear  the  expression  * '  clear  as  a  crystal, ' ' 
when  as  a  matter  of  fact  we  know  that  crystals  are  not  neces- 
sarily transparent.  In  contradistinction  to  crystalline,  we  use 
the  word  amorphous ,  which  means  *' without  form"  in  accordance 
with  the  old  idea.  Now  it  is  applied  to  substances  in  which 
all  physical  properties  are  equally  distributed  in  all  directions. 
All  liquids  and  gases,  as  well  as  some  minerals,  are  amorphous. 
Glass  is  an  example  of  an  amorphous  body,  in  which  the  cohesion 
is  the  same  in  all  directions,  so  that  when  broken  there  is  a  ten- 
dency to  fracture  in  all  directions.  The  cracks  are  never  straight, 
but  are  more  or  less  curved  like  the  shells  of  certain  Mollusks 
called  Conches,  whence  the  term  Conchoidal  which  is  applied  to  a 
curved  fracture  surface.  Many  amorphous  substances  have  gradu- 
ally become  soUd  out  of  a  jelly-like  mass,  as  was  probably  the  case 
with  Opal;  while  other  substances  have  passed  from  a  molten 
state  into  a  soUd  condition  in  such  a  rapid  manner  that  the  crys- 
tallizing tendency  had  no  time  to  act.  We  see  examples  of  this 
in  many  lavas  which  are  vitreous,  and  therefore  amorphous^in 
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character  on  the  outside,  but  which  on  the  inside,  owing  to  slower 
cooling,  are  perfectly  crystalline. 

A  short  time  ago  the  fact  was  mentioned  that,  in  crystals, 
the  physical  properties  were  dependent  upon  direction;  but  it 
has  been  found  in  addition  that  their  distribution  is  equal  in  all 
parallel  directions,  but  imequal,  with  certain  exceptions,  in  non- 
parallel  directions.  This  fact  leads  us  to  the  conclusion  that  the 
geometrical  form  as  well  as  the  distribution  of  physical  properties 
must  be  the  result  of  a  regular  internal  structure.  A  model  of  a 
crystal  is  not  a  crystal,  because  the  regular  internal  structure  is 
absent,  which  must  agree  with  the  form.  How  is  this  regular 
structure  to  be  explained?  According  to  modem  theories,  the 
smallest  units  of  which  matter  is  composed  are  known  as  atoms, 
which  are  continually  vibrating,  and  are  separated  from  each 
other  by  distances  much  greater  than  their  own  diameters.  There 
are  only  about  seventy  kinds  of  these  atoms,  which  we  call  elements; 
but  these  few  kinds  unite  with  each  other  in  various  wa)rs  and  pro- 
duce larger  units  called  chemical  molecules,  thus  forming  the 
kinds  of  matter  which  we  find  about  us.  These  chemical  molecules 
are  the  smallest  portions  of  matter  which  can  exist  in  the  free 
state  and,  if  divided,  would  cause  a  changing  of  substance,  so 
that  they  may  be  regarded  as  units  of  svbstance.  It  seems  probable 
that  the  chemical  molecules  in  turn  unite  into  groups  of  various 
size  and  arrangement,  with  a  more  complex  nature,  which  are 
called  physical  or  crystal  molecules.  These  may  be  regarded 
as  units  of  structure,  and  we  may  consider  a  crystal  to  be  built  up 
of  such  elementary  particles  regularly  arranged.  Prof.  G.  H.  Wil- 
liams, lately  deceased,  has  made  a  very  apt  comparison  of  these 
different  units  as  follows:  the  planets,  which  are  the  atoms,  are 
imited  together  by  the  attraction  of  gravitation  into  the  solar 
system,  which  is  the  chemical  molecule.  Our  solar  system,  how- 
ever, is  but  a  unit  which,  united  to  other  solar  systems,  makes 
up  the  imiverse  or  physical  molecule.  The  above  ideas  are  essen- 
tially those  published  by  the  French  priest,  Abb6  Ren6  Juste 
Haiiy  (1743-1822),  in  1784,  on  the  structure  of  crystals,  although 
slightly  modified  to  suit  more  modem  conceptions.  Haiiy  be- 
lieved that  the  atoms  were  compressed  together  into  a  solid  mass, 
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but  the  action  of  light  in  crystals  forced  the  modem  conclusion 
that  they  inust  be  separated  by  great  distances,  and  in  a  state 
of  intense  vibration.  "Whatever  the  size  and  nature  of  these 
crystal  units  (crystal  molecules,  physical  molecules)  is,  we'can, 
for  all  purposes  of  explaining  crystal  structure,  regard  them  as 
points,  which  are  their  centres  of  gravity,  surrounded  by  ellipsoids, 
or  spheres,  whose  size  and  form  represent  the  sum  of  all  the  vari- 
ous attractive  and  repellent  forces  inherent  in  the  molecules.  All 
the  cr3rstal  molecules  of  the  same  chemical  substance  \mder  the 
same  conditions  must  be  identical  in  size,  shape,  and  in  the  dis- 
tribution of  forces;  for  different  substances  they  must  be  differ- 
ent, while  for  the  same  substance  under  different  conditions  they 
may  or  may  not  be  different.  If  the  physical  molecules  of  a  given 
substance  possess  the  same  size  and  the  same  attractive  forces, — 
then  in  case  these  molecules  are  perfectly  free  to  act  and  react  upon 
each  other,  they  must  all  assume  a  similar  position  relative  to  one 
another,  i.e.,  such  a  position  that  equivalent  directions  of  attrac- 
tion and  repulsion  in  all  the  molecules  shall  be  parallel."  The 
simplest  example  to  illustrate  this  idea  would  be  a  substance  in 
which  the  attractive  forces  of  the  physical  molecules  are  distributed 
equally  in  three  directions  at  right  angles  to  each  other.  Such  a 
molecule  would  be  represented  by  a  sphere  with  three  equal  per- 
pendicular lines  which  show  the  direction  and  strength  of  the 
attractive  forces.  Now,  if  there  are  a  great  number  of  similar 
molecules  which  are  free  to  influence  each  other,  we  would  expect 
them  to  arrange  themselves  in  parallel  positions  at  equal  distances 
corresponding  to  a  cube  in  outline.  Then  in  such  an  arrangement 
''the  grouping  about  every  molecule  must  be  the  same  as  about 
every  other,  and  the  arrangement  of  molecules  in  all  parallel  planes 
and  along  all  parallel  lines  must  be  the  same. ''  So  that  now  we 
can  easily  see  that  the  physical  properties  must  of  necessity  be  dif- 
ferent in  different  directions.  No  grouping  of  molecules  in  which 
they  are  not  similarly  arranged  in  parallel  directions  or  where  the 
distribution  is  not  the  same  about  each  molecule  is  considered 
possible  in  a  crystal.  Therefore  the  subject  of  crystal  structure 
resolves  itself  into  the  mathematical  study  of  the  groupings  of 
points  in  space  which  satisfy  the  above  conditions.    Prof.  Sohncke 
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of  the  Munich  Polytechnical  School  finds  that  there  are  only  sixty- 
six  possible  groupings  which  fall  into  divisions  whose  symmetry 
corresponds  to  that  of  the  different  crystal  systems  to  which  all 
crystals  are  referred.  ^ 

The  forces  which  tend  to  form  a  regular  molecular  structure  in 
passing  from  a  fluid  to  a  solid  condition  act  at  times  with  different 
intensity,  both  with  different  substances  under  the  same  conditions 
and  with  the  same  substance  under  different  conditions.  This 
variation  is  spoken  of  as  a  difference  in  the  strength  of  the  crystal-- 
lizing  force.  In  most  substances  of  definite  composition  this 
force  is  present,  though  some  we  foimd  to  be  amorphous,  such  as 
Opal  and  Volcanic  Glass.  In  others  the  force  is  present,  but  is 
so  weak  that  no  crystals  are  ever  found,  and  shows  its  presence  by 
their  physical  properties,  especially  by  their  behavior  in  polarized 
light.  Examples  of  such  substances  are:  Serpentine,  H4MgjSi20Q, 
Turquois,  A1P04.A1(0H)8+ HjO,  and  ChrysocoUa,  CuSi03+2H,0. 
Many  Sulphides  which  occur  as  ores  are  most  commonly  rryassive] 
i.e.,  they  are  found  in  crystalline  aggregates  wliich  show  but  few 
if  any  crystal  faces.  Then  again  certain  substances  such  as 
Quartz,  SiO,,  Calcite,  CaCO.,,  Gypsum,  CaS04+2H30,  and  Topaz, 
[Al(0,F2)]AlSi04,  are  almost  never  found  except  in  well-formed 
crystals,  since  they  have  a  very  strong  cr3rstallizing  force. 

A  molecular  line  is  any  line  drawn  between  molecules,  and  a 
molecvlar  jjlane  is  any  plane  in  which  three  or  more  molecules 
occur.  Crystal  faces  are  thought  to  be  normal  to  directions  of 
attraction  in  the  crystal,  and  it  is  possible  for  every  molecular 
plane  to  be  a  crystal  face,  although,  as  a  matter  of  fact,  a  very  small 
proportion  actually  occur  when  compared  with  those  planes  which 
are  theoretically  possible.  A  crystal  increases  in  size  because  each 
molecular  plane  that  makes  up  a  crystal  face,  in  depositing,  unites 
in  a  parallel  position  with  the  already  existing  planes  or  faces, 
in  consequence  of  which  crystal  faces  are  always  plane  surfaces 
and  not  curved  ones,  except  in  certain  cases  where  two  or  more 
forces  interfere  with  each  other.  Thus  crystals  grow  by  the  addition 
of  layer  after  layer  of  material  from  without,  and  so  in  this  respect 
differ  from  plants  and  animals.  With  organisms,  as  was  previously 
mentioned,  size  has  much  to  do  with  properties  and  development; 
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but  since  in  crystals  the  arrangement  of  one  part  must  be  the  same 
as  about  every  other  part,  it  becomes  evident  that  size  has  nothing 
to  do  with  the  individual,  and  that  a  crystal  is  complete  whether 
large  or  small.  As  a  rule,  however,  the  larger  a  cr3rstal  is,  the  less 
perfect  and  pure  it  is  liable  to  be. 

The  crystal  habit  is  the  difference  of  form  or  shape  which  is 
caused  among  crystals  of  the  same  substance.  We  found  that 
any  molecular  plane  could  become  a  crystal  face,  but  stated  that 
very  few  occurred  compared  with  the  number  possible.  It  is  thought 
that,  since  a  face  represents  the  normal  to  a  direction  of  attrac- 
tion, those  faces  will  occur  most  frequently  which  intersect  the 
greatest  number  of  molecules,  and  therefore  will  contain  the  largest 
number  of  attractive  forces.  Thus  it  is  possible  to  have  crystals  of 
the  same  substance  bounded  by  entirely  different  planes,  yet  all 
due  to  the  same  regular  internal  structure.  Fluorite,  CaF,,  may 
come,  as  it  most  frequently  does,  in  cubes,  but  it  may  also  occur 
in  octahedrons  and  dodecahedrons,  having  therefore  at  least  three 
different  habits.  It  is  not  knoi^Ti  what  determines  the  crystal  habit, 
but  it  is  probable  that  temperature,  pressure,  and  change  in  chem- 
ical composition  will  exert  more  or  less  influence.  Experiments 
show  that  the  presence  of  impurities  is  very  important.  Halite, 
NaCl,  generally  forms  cubes;  but  the  presence  of  a  little  caustic 
soda  in  the  solution  causes  the  formation  of  octahedrons,  while 
alums  under  the  same  condition  form  cubes  instead  of  octahedrons. 
Sometimes,  for  some  reason,  crystals  change  their  habit  during  their 
growth,  and  if  the  mineral  is  transparent  we  can  see  an  interior 
form  bounded  by  a  different  set  of  planes  from  those  on  the  outside. 
Such  peculiar  forms  are  known  as  phantom  crystals,  and  are  found 
at  times  in  Barite,  BaSO^,  Calcite,  and  Fluorite.  Crjrstal  habit 
also  varies  because  of  distortiony  because  the  form  of  a  crystal 
depends  upon  the  direction  in  which  it  can  grow  most  freely.  It 
rarely  happens  that  the  material  in  an  aqueous  or  igneous  solution 
will  be  equally  distributed  so  as  to  allow  the  growth  to  be  equally 
rapid  in  all  directions,  and  produce  what  is  called  an  ideal  form. 
If  the  solution  supplies  most  material  in  one  direction,  we  get  elon- 
gated forms,  while  tabular  forms  are  produced  by  a  supply  in  two 
directions.     For  example,  a  cube  may  be  thin  as  a  hair  and  high 
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as  a  church  tower,  or  on  the  other  hand  it  might  have  the  breadth 
and  thickness  of  a  piece  of  paper.  It,  however,  remains  a  cube 
as  long  as  its  angles  are  90^  and  its  faces  have  the  same  physical 
properties.  Distorted  forms  are  more  conmion  than  the  ideal  in 
nature,  and  it  frequently  happens  that  equivalent  faces  will  vary 
greatly  in  size  on  the  same  individual,  so  that  the  larger  faces 
may  finally  exclude  the  smaller  entirely,  making  it  extremely  diffi- 
cult to  recognize  the  crystal  because  the  symmetry  is  concealed. 
In  order  to  restore  the  distorted  form  to  the  ideal,  we  must  imagine 
all  equivalent  planes  to  be  at  the  same  distance  from  the  centre 
of  the  cr3rstal. 

We  find  that,  with  certain  exceptions,  it  is  characteristic  of 
cr3r8tals  to  have  their  planes  arranged  in  parallel  pairs.  Chystal 
planes  or  faces  intersect  in  edges  and  angles.  An  edge  is  formed 
by  the  intersection  of  two  faces,  and  the  angle  included  by  such 
an  edge  is  known  as  the  interfadal  angle;  a  crystal  angle  is  the  solid 
angle  made  by  the  intersection  of  three  or  more  faces. 

B.  Fundamental  Laws  and  Principles  of  Crystallography. 

There  are  three  general  principles  which  are  common  to  crystals, 
which  on  accoimt  of  their  universal  character  may  be  regarded 
as  the  fundamental  laws  of  crystallography,  as  follows: 

1.  Law  of  the  constancy  of  similar  interfacial  angles  on  crystals 
of  the  same  substance. 

2.  Law  of  the  rationaUty  of  the  indices  or  of  the  simple  mathe- 
matical ratio  existing  between  the  axial  intercepts  of  all  planes 
possible  on  crystals  of  the  same  substance. 

3.  Law  of  symmetry  according  to  which  the  faces  of  a  crystal  are 
arranged. 

Law  of  the  Constancy  of  Interfacial  Angles. 

"  However  much  the  crystals  of  the  same  substance  may  vary 
in  habit  and  in  the  relative  size  and  development  of  similar  planes, 
their  corresponding  interfacial  angles  remain  constant  in  value; 
provided  that,  first,  they  possess  identically  the  same  chemical 
composition,  and,  second,  that  they  are  compared  at  the  same 
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temperature."   This,  of  course,  is  due  to  the  regular  internal  struc- 
ture, because  molecular  planes  grow  parallel  to  each  other  in  the 
formation  of  crystal  faces  under  the  same  conditions,  so  that  as 
long  as  no  change  occurs  in  composition  the  angles  would  naturally 
remain  the  same.     This  law,  however,  was  first  formulated  by 
Nicolas  Steno,  a  Dane  living  in  Florence,  in  1669,  long  before 
we  knew  anything  concerning  the  structure  of  crystals.     It  was 
made  more  definite  by  Rom6  de  I'Isle  in  1783,  and  still  further 
substantiated  by  Wollaston  in  1809.    This  law  shows  us  that  it  is 
the  exact  value  of  the  angles  which  is  characteristic  of  the  substance 
rather  than  the  shape  of  the  crystals,  which  we  found  subject 
generally  to  distortion.    We  may  sometimes  make  use  of  this  fact 
to  distinguish  substances  which  are,  in  most  external  properties, 
identical,  as  in  the  case  of  Calcite,  CaCOj,  in  which  the  angle  on 
certain  faces,  or  on  the  cleavage  faces,  is  105®  6',  while  the  corre- 
sponding ones  on  Magnesite,  MgCO,,  are  107®  28'.    An  instrument 
for  measimng  such  angles  is  known  as  a  goniometer.   The  simplest 
kind  is  known  as  the  contactr-  or  hand-goniometer,  made  at  Rouen, 
France,  by  Carangeot,  and  first  used  by  Rom6  de  Tlsle  in  1783. 
It  has  two  arms,  one  of  which  moves  on  a  pivot  fastened  on  the 
second,  and  may  be  fixed  at  any  angle  by  means  of  a  screw.   The 
two  arms  are  applied  to  the  planes  whose  interfp,cial  angle  is  to 
be  determined,  and  when  they  are  as  nearly  in  contact  as  possible, 
the  screw  is  clamped  and  the  arms  are  transferred  to  a  graduated 
semicircle  in  order  to  read  the  angle.     Such  measurements  are 
only  accurate  to  half  a  degree,  and  are  most  used  for  large  crystals 
with  rough  faces.     For  more  exact  requirements  we  use  the  re- 
fiectionrgoniometer,  which  was  first  used  in  England  in  1809  by 
Wollaston.    Its  principle  is,  that  "  the  angle  through  which  it  is 
necessary  to  revolve  a  crystal  about  one  of  its  edges,  so  as  to 
successively  obtain  a  reflection  of  the  same  object  from  the  two 
planes  whose  intersection  forms  the  edge,  is  equal  to  the  supplement 
of  their  interfacial  angle."    The  angle  through  which  the  crystal 
is  turned  is  the  outer  angle  which  is  read  oflf  from  a  graduated  circle 
and  subtracted  from  180®,  giving  the  interfacial  angle.    These  in- 
struments are  very  complex  and  expensive,  costing  as  high  as  $350, 
and  to  obtain  accurate  results  many  precautions  must  be  observed 
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Law  of  the  Rationalily  of  the  Indices,  or  Simple  Mathematical  Ratio, 

In  order  to  classify  and  compare  crystals  we  must  have  a 
simple  method  of  expressing  the  position  of  their  planes,  which  is 
done  by  referring  them  to  various  sets  of  co-ordinates  or  axes, 
as  in  analytical  geometry.  The  position  of  any  plane  may  be 
fixed  by  and  expressed  in  the  values  of  its  cuts  or  intercepts  on 
the  axes  which  may  be  inscribed  on  the  crystal.  These  axes  are 
called  the  crystaUographic  axes,  and  may  be  equal  or  unequal  in 
length,  and  either  at  right  or  oblique  angles  to  each  other.  These 
axes  are  known  as  x,  y,  and  z,  on  which  a  is  an  intercept  at  the 
unit  length  of  x,  b  on  y,  and  c  on  z.  However,  since  in  crystal- 
lography we  deal  only  with  axes  of  unit  length,  we  may  call  our 
crystaUographic  axes  a,  6,  and  c,  remembering  that  they  designate 
unit  lengths  of  the  axes  x,  y,  and  z.  It  is  customary  to  call  the 
axis  running  from  front  to  rear,  a;  the  one  from  right  to  left  is 
called  6;  while  the  vertical  axis  is  denoted  by  c.  In  this  position 
the  front,  right,  and  upper  extremities  are  marked  + ,  and  the  re- 
mainder — .  If  two  axes  are  equal,  they  are  designated  by  a,  and 
the  third  by  c,  but  if  all  axes  are  equal  in  length  they  are  denoted 
by  a.  In  case  the  axes  do  not  intersect  at  right  angles,  the  angles 
between  them  are  expressed  by  Greek  letters,  as  follows:  a  between 
b  and  c,  p  between  a  and  c,  and  y  between  a  and  5.  The  planes 
in  which  two  axes  lie  are  called  axial  planes,  and  are  the  same  as 
the  co-ordinate  planes  of  analytical  geometry.  They  divide  the 
space  within  the  crystal  into  eight  sectants  called  octants,  except 
in  one  case  where  the  presence  of  four  axes  results  in  twelve  sectants 
known  as  dodecants. 

The  parameters  of  a  plane  are  the  values  of  its  intercepts  on 
the  axes  to  which  it  is  referred.  They  are  expressed  in  terms  of 
certain  axial  lengths  which  are  assumed  as  unity.  We  have  the 
parameters  OA:OB:OC  of  one  plane,  and  those  of  a  second  as 
OH:OK:OL.  Now  suppose  that  ABC  is  a  plane  which  intersects 
the  axes  XYZ  at  their  unit  lengths.  Then  the  position  of  HKL, 
or  any  other  plane  is  determined  if  we  know  the  values  OH,  OK, 
and  OL  in  terms  of  OA,    OB,    and  OC.    The  second   plane   is 


36  OBNBRAL  AND  SPECIAL  MINERALOGY 

merely  a  multiple  of  the  first,  so  we  may  say  that  OH  :  OK  :  OL 

= p .  OA  :  q .  OB  :  r .  OC.    However,    by    assumption,    the    plane 

ABC  cuts  the  axes  XYZ  at  thdr  unit  lengths.    Therefore  let 

OA=a,  0B=6  and  OC=c,  and  we  obtain  the  axial  lengths  aib  \c, 

which  are  the  parameters  of  the  plane  ABC,  and  are  assimied  as 

unity.    We  may  then  express  the  plane  HKL  as  p. a  :g.6  ir.e, 

which  expression  becomes  the  most  general  symbol  for  any  ciy^ 

tal  plane.    Here  p,  9,  and  r  are  rational  quantities,  and  are  the 

parameters  of  the  plane.    Since,  however,  any  plane  may  be 

thought  to  be  shifted  in  direction  so  long  as  the  relative  value  of 

its  intercepts  remains  imchanged,  one  of  the  three  parameters  is 

always  made  equal  to  unity.    In  most  cases  the  parameter  of 

the  b  axis  is  thus  changed,  and  the  above  expression  becomes 

p  r 

-a:b:-c,  which  evidently  still   denotes  the  same  plane.     In 

order  to  be  rid  of  fractions,  if  we  substitute  n  for  -  and  m  for  — , 

then  the  most  general  expression  for  a  crystal  plane  will  be  na :  b :  mc. 
The  position  of  a  plane  is  also  just  as  well  expressed  by  using  the 
reciprocals  of  the  parameters,  which  are  known  as  indices.  The 
indices  have  many  advantages,  especially  in  measuring  and  calcu- 
lating crystallographic  constants,  and  are  quite  generally  used. 
The  reciprocals  of  the  parameters  of  the  most  general  symbol, 

na  :b  :mc  are  —a:-b:  —c,  and  it  is  evident  that  it  expresses 

the  position  of  the  plane  as  well  as  do  the  parameters  alone,  al- 
though not  so  easily  handled  on  account  of  the  fractions.  We 
clear  of  fractions,  and  get  the  following:  ma :  mvb  :  nc.  Here 
m,  mn  and  n  are  the  indices  of  the  plane,  and  are  generally  repre- 
sented by  the  letters  A,  k  and  Z. 

Now  that  we  have  some  fimdamental  ideas  regarding  the 
meaning  of  crystal  axes,  parameters,  and  indices,  we  may  take 
up  the  second  law.  Some  time  ago  we  mentioned  the  fact  that 
any  molecular  plane  could  be  a  crjrstal  plane,  but  that  very  few 
actually  occurred  compared  to  the  number  possible.  The  ques- 
tion in  regard  to  those  planes  that  do  occur  is  answered  by  the 
Law  of  the  Simple  Mathematical  Ratio,  which  is  formulated  aa 
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follows:  "  Experience  shows  that  only  those  planes  occur  in  any 
crystal,  whose  axial  intercepts  are  either  infinite  or  sMiall,  even 
multiples  of  unity.  The  ratio  of  intercepts  on  the  same  axis  for 
all  planes  possible  on  the  same  crystal  is  therefore  rational,  and 
may  be  expressed  in  small,  whole  numbers,  simple  fractions,  and 
infinity."  The  law  is  probably  better  known,  and  certainly  is 
easier  to  express,  as  the  Law  of  the  Rationality  of  the  Indices: 
only  such  planes  occur  on  crystals  whose  indices  are  simple,  small 
rational  numbers  such  as  one,  two,  three,  and  very  Uttle  larger, 
to  which  must  be  added  zero  as  the  reciprocal  of  infinity.  It  is 
thought  that  these  planes  which  occur  most  frequently  are  the 
ones  which  have  most  molecules  in  them,  and  therefore  represent 
stronger  attractive  forces.  "This  law  is  a  necessary  deduction 
from  a  regular  molecular  structure,  since  it  can  be  mathematically 
demonstrated  that  only  those  planes  which  possess  rational  indices 
satisfy  the  conditions  of  a  possible  crystal  plane.". 

The  symbol  of  a  plane  is  the  expression  by  means  of  which  we 
know  the  position  of  that  plane  in  space.  In  order  to  compare 
crystal  planes  it  is  necessary  to  have  some  system  of  expression 
which  is  simple,  intelligible,  and  exact.  There  are  several  such 
methods,  which  are  known  as  the  Systems  of  Crystallographic 
Notation.  Th6  most  common  ones  try  to  locate  the  crystal  face 
with  respect  to  the  axes,  and  are  based  upon  the  use  of  the  par- 
ameters, as  in  most  eases,  or  of  indices. 

The  simplest  and  oldest  of  these  is  the  parameter  system  of 
Christian  E.  Weiss,  formerly  Professor  in  Berlin  University.  The 
intercepts  assumed  as  unity  on  three  unequal  axes  are  written 
a:b  :c,  and  may  be  regarded  as  the  axes.  If  two  are  equal,  they 
ere  written  aiaic^  while  if  all  are  equal  the  axes  become  a:a:a. 
To  each  axial  letter  is  then  prefixed  the  value  of  the  parameter  when 
it  is  not  unity.  It  is  customary  to  reduce  one  of  the  two  lateral 
parameters  to  unity,  but  the  parameter  of  the  vertical  axis  is 
never  unity  unless  one  of  the  two  lateral  axes  has  that  value  at 
the  same  time.  Then,  according  to  Weiss,  the  most  general  sym- 
bol of  any  plane  is  na:b  :mc  or  airib  : mc,  but  never  na\rnb\c. 
Therefore  the  value  of  n  can  only  vary  between  one  and  infinity, 
because  whichever  of  the  lateral  parameters  is  shorter  is  assumed 
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as  luiity.  The  parameter  m  varies  between  zero  and  infinity  be- 
cause it  refers  to  the  single  axis  c.  Thus  a  plane  with  an  intercept 
of  iona,i  on  6,  and  1  on  c  is  not  written  ^i^biCj  but  Ja :  6 :  2c; 
also,  a  plane  with  the  intercepts  1  on  a,  J  on  6,  and  J  on  c  would  be 
written  4a  :  b  :  2c.  If  all  three  axes  are  of  equal  length  and  conse- 
quently interchangeable,  no  parameter  ever  becomes  less  than  unity. 
Parallelism  to  an  axis  is  expressed  by  the  sign  of  infinity,  oo ,  written 
m  the  proper  position.  Thus  oo  a  :  6  :  c  is  a  plane  going  parallel 
to  a  but  cutting  b  and  c  at  unity;  while  oo  a  :  6  :  oo  c  cuts  b  at  one 
and  goes  parallel  to  a  and  c.  Since  one  of  the  lateral  axes  must 
alwaj^  be  unity,  the  symbol  of  a  plane  parallel  to  both  lateral  axes 
is  not  written  oo  a  :  oo  6  :  c,  but  is  a  :  6  :  Oc  because  we  divide  by 
00  b,  and  a  finite  quantity  divided  by  an  infinite  one  becomes  zero. 

Karl  Friedrich  Naumann,  formerly  Professor  in  the  University 
of  Leipzig,  has  abbreviated  the  Weiss  system.  His  sjnnbols  have 
in  their  center  0  when  the  planes  are  referred  to  three  equal  axes, 
and  P,  when  the  axes  are  unequal.  Before  this,  is  placed  the 
parameter  m  referring  to  the  vertical  axis,  and  following  it  comes  n 
relating  to  that  lateral  axis  which  is  not  unity.  Parameters  with 
the  value  of  unity  are  unexpressed.  The  most  general  symbol 
becomes  iriPn,  or  mOn;  P,  or  0  is  a  form  cutting  all  axes  at  one, 
while  niP  or  mO  cuts  the  two  lateral  axes  at  unity;  Pm  intercepts 
one  lateral  and  the  vertical  axis  at  one;  while  ooPoo  is  a  form  par- 
allel to  one  lateral  and  the  vertical,  while  the  third  axis  is  unity. 
However,  Poo  oo  is  not  used,  but  its  equivalent  OP,  as  in  Weiss. 

James  D.  Dana,  formerly  of  Yale,  has  further  simplified  Nau- 
mann's  system.  He  places  a  hyphen  for  Naumann 's  initials  O 
and  P  and  uses  i  or  I  for  the  sign  of  infinity.  A  single  parameter  is 
written  alone  if  it  refers  to  the  vertical  axis,  but  it  is  preceded  by  1-, 
if  it  refers  to  one  of  the  lateral  axes.  Thus  Naumann 's  303  or  3P3 
becomes  3-3;  2P=2;  P2=l-2;  ooO=I;  ooQoo  ^t-i;  while  0P=O. 

Another  system  is  the  index  system  used  in  the  writings  of 
the  Englishman,  Prof.  W.  H.  Miller,  but  which  was  first  employed 
by  Grassmann  of  Stettin,  Germany.  The  symbol  of  any  plane 
consists  of  the  reciprocals  of  the  parameters  written  in  the  sim- 
plest manner  after  clearing  of  fractions,  and  referring  to  the 
axes  in  the  order^a,  6,  c.    To  use  the  indices  we  must  have  the 
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actual  intercepts,  so  that  Naumann  and  Dana  symbols  must  be 
transfonned  into  Weiss  in  most  cases.  Thus  2P|  becomes  in 
Weiss  fa  :  6  :  2c,  which  gives  the  reciprocals  |a  :  6  :  ic,  and  when 
cleared  of  fractions  we  get  321,  which  is  read  three,  two,  one.  A 
plane  parallel  to  an  axis  must  have  the  index  0  as  the  reciprocal  of 
infinity;  thus  ooPoo  becomes  010  or  100;  0P=001;  ooP  =  110; 
Poo  =101  or  Oil.  Miller's  general  index  sjrmbol  is  hJd.  Nau- 
mann's  and  Dana's  symbols  stand  not  for  single  planes,  but  for 
all  planes  which  have  equal  intercepts  on  equivalent  axes.  It  is 
an  advantage  of  Miller's  system  that  we  can  designate  any  particu- 
lar plane  on  the  crystal  by  means  of  signs.  Any  index  which 
refers  to  the  negative  end  of  an  axis  has  the  minus  sign  written 
over  it,  which  serves  to  locate  the  plane  in  one  particular  octant  as 
follows: 

hM      hid      m      hU 

Md      hM      m      M 

The  members  of  each  pair  of  parallel  faces  have  the  same  indices 
and  complementary  signs.  If  a  complete  form  is  represented, 
the  indices  are  enclosed  in  brackets  {hM}. 

Law  of  Symmetry, 

Symmetry  is  an  arrangement  of  Uke  directions  which  many 
crystals  possess  and  by  means  of  which  they  may  be  classified. 
A  plane  of  symmetry  is  a  plane  which  divides  a  body  into  two 
halves  which  are  related  as  an  object  is  to  its  image  in  a  mirror. 
The  mirror  appears  to  be  the  plane  of  symmetry.  *'Two  objects, 
or  two  halves  of  the  same  object,  are  symmetrical  with  respect  to 
a  plane  placed  between  them,  when  from  any  point  of  one  object  a 
normal  to  this  plane,  prolonged  by  its  own  length  on  the  opposite 
side  of  the  plane,  will  meet  the  corresponding  point  of  the  other 
object. ' '  A  plane  of  symmetry  will  al wajrs  pass  through  a  crystal 
so  that  it  goes  through  a  crystal  edge,  the  middle  of  a  face,  or 
through  an  angle,  so  that  the  body  will  be  cut  into  two  parts  with  an 
equal  number  of  faces,  angles,  and  directions  arranged  in  an  oppo- 
site manner  on  each  side  of  the  plane.  The  Law  of  Symmetry  is 
as  follows:  *'A11  the  faces  of  a  crystal  are  grouped  in  accordance 
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with  certMn  definite  planes  of  symmetry  which  are  fixed  in  their  po- 
sition for  the  same  crystal,  and  condition,  not  merely  the  external 
form,  but  also,  in  an  equal  degree,  the  distribution  of  all  its  internal 
physical  properties."  This  shows  that  symmetry  is  first  and 
foremost  a  property  of  the  internal  structure  of  crystals,  and  is 
consequently  expressed  in  their  external  form.  To  see  the  S5rnmie- 
try  clearly  the  crjrstal  must  be  free  from  distortion,  but  no  matter 
how  much  distorted,  the  S3rmmetry  will  alwa3rs  be  brought  out  if 
the  angles  are  carefully  measured.  There  are  two  kinds  of  planes 
of  symmetry:  principal  and  secondary.  Principal  planes  are  those 
which  possess  two  or  more  equivalent  and  interchangeable  di- 
rections, while  secondary  planes  have  no  such  directions.  The 
test  of  a  plane  of  symmetry  is  to  revolve  it  about  its  normal.  If 
it  appears  the  same  as  at  the  start  during  a  revolution  of  less  than 
180®,  then  it  must  have  a  direction  which  is  interchangeable  with  that 
of  the  first  position  and  the  plane  is  a  principal  one.  If  the  appear- 
ance does  not  coincide  until  ISO*',  it  is  a  secondary  plane.  In  the 
former  case  the  normal  about  which  the  crjrstal  was  revolved  is  a 
principal  axis  of  symmetry ,  while  in  the  latter  we  have  a  secondary 
axis  of  symmetry.  Axes  of  sjnmmetry  are  alwa3rs  chosen  as  crystal- 
lographic  axes  when  any  are  present,  but  if  there  are  no  axes  of 
synmietry,  then  arbitrary  co-ordinates  are  chosen.  Principal 
axes  are  chosen  in  preference  to  secondary  ones.  If  but  one  princi- 
pal axis  is  present,  two  secondary  ones  are  chosen  with  the  principal. 
The  synmietry  of  a  crystal  face  is  governed  by  the  nimiber  of  planes 
of  S3nnmetry  which  are  perpendicular  to  it.  If  one  plane  is' normal 
to  it  the  face  is  monosymmetric;  if  two,  it  is  disjrmmetric,  provided 
they  are  of  the  same  kind;  but  if  they  are  different,  the  face  is 
mono+monosjrmmetric  or  I+l,  in  which  principal  planes  are 
expressed  in  Roman,  and  secondary  planes  of  sjnmnetry  in  Arabic 
numerals.    The  face  of  a  cube  is  II +2. 

Crystal  Form  has  a  very  precise  meaning,  but  it  is  often  used 
in  a  loose  and  careless  manner.  Technically,  it  is  the  sum  of  all 
faces  whose  presence  is  required  by  the  symmetry  of  the  crystal  when 
one  face  is  present,  or  it  is  the  sum  of  aU  planes  which  can  be  repre-- 
sented  by  the  same  symbol.  Consequently  the  number  of  faces  on 
a  form  will  depend  upon  the  niunber  of  planes  of  symmetry  which 
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it  po8  eases,  increasing  with  the  grade  of  the  symmetry.  If  a 
form  18  devoid  of  symmetry,  the  presence  of  one  face  conditions 
only  the  occurrence  of  its  opposite  parallel  face  to  complete  the 
form,  and  therefore  the  complete  cr3rstal  form  would  have  but  two 
planes.  If,  however,  we  have  one  plane  of  symmetry,  the  pres- 
ence of  one  face  occasions  the  occurrence  of  another  face  on  the 
other  fflde  of  the  plane  of  symmetry,  both  having  their  parallel  faces 
so  that  the  crystal  form  consists  of  four  planes.  Cr3rstal  forms  are 
divided  into  three  types: 

1.  Pinacoids,  which  intersect  one  axis  and  go  parallel  to  the 

others. 

2.  Prisms  cut  two  axes  and  are  parallel  to  the  third. 

3.  P3rramids  are  forms  whose  planes  cut  all  three  axes. 

If  crystal  forms  completely  enclose  space,  they  are  said  to  be 
dated,  but  if  not,  they  are  open  forms.  Pyramids  are  closed, 
while  pinacoids  and  prisms  are  open.  Since  open  forms  do  not 
completely  enclose  space,  they  cannot  occur  alone,  and  it  is  also 
an  exception  to  find  closed  forms  alone.  A  combination  is  the 
simultaneous  occiurence  of  two  or  more  forms  on  an  individual 
crystal.    There  are  two  rules  governing  such  combinations. 

1.  Only  forms  which  have  the  same  symmetry  may  combine 
with  each  other.  Since  the  symmetry  is  the  result  of  the  internal 
structure,  it  is  evident  that  two  forms  must  have  the  same  structure, 
otherwise  they  would  hardly  be  of  the  same  composition.  We 
could  not  think  of  one  molecule  of  salt  having  nine  planes  of  sym- 
metry and  another  molecule  possessing  none. 

2.  The  axes  of  all  forms  which  combine  must  be  coincident, 
and  possess  the  same  relative,  but  not  the  same  absolute  lengths. 
It  is  the  relative,  and  not  absolute,  length  of  the  axes  which  is  neces- 
sary to  determine  the  position  of  a  face.  If  the  absolute  length 
of  the  axes  of  a  cube  and  octahedron  were  the  same,  the  cube  and 
octahedron  would  not  combine,  because  the  former  would  com- 
pletely surround  the  latter.  In  order  to  combine,  the  axes  of  the 
cube  must  be  the  shorter. 

In  crystal  combinations  there  are  several  descriptive  terms  in 
common  use  which  need  to  be  defined.  Similar  edges  are  those  in 
which  similar  planes  intersect  at  equal  angles.    Similar  angles  are 
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those  enclosed  by  the  same  number  of  planes,  similarly  arranged 
and  meeting  at  the  same  inclination.  The  replacement  of  an 
edge  or  angle  by  one  plane  is  called  a  truncation,  while  a  replacement 
by  two  planes  is  known  as  a  bevdment.  When  a  solid  angle  is 
replaced  by  more  than  two  planes  it  is  said  to  be  acuminated  or 
blunted.  When  a  truncating  plane  makes  equal  angles  with  the 
planes  on  each  side,  it  is  called  a  symmetrical  truncation,  but  if 
angles  are  unequal  it  is  said  to  be  unsymmetrical. 

Sometimes  by  the  distortion  of  form  certain  planes  become 
smaller  and  smaller,  and  finally  disappear.  This  irregular  absence 
of  planes,  which  is  accidental,  is  called  merohedrism.  At  other 
times  crystals  appear  in  forms  which  are  partial,  yet  they  seem  to 
be  the  result  of  some  regular  law.  When  all  the  faces  are  present 
which  the  complete  symmetry  of  the  crjrstal  requires,  its  form 
is  said  to  be  holohedral,  and  the  phenomenon  is  called  holohedrism. 
When  crystals  appear  with  only  half  of  the  complete  number  of 
faces,  they  are  called  hemihedral  forms,  or  hemihedrons,  and  the 
phenomenon  is  known  as  hemihedrism.  Likewise  we  find  forms 
with  but  one  quarter  of  the  holohedral  number  of  planes,  and  we 
call  them  tetartohedrona.  The  mathematical  study  of  the  possible 
network  of  points  in  space  which  satisfy  the  conditions  of  crystal 
structure  shows  that  they  also  include  partial  forms  similar  to  those 
occurring  on  crystals.  We  may  imagine  for  convenience  that 
hemihedrism  or  tetartohedrism  arises  by  the  suppression  of  one 
half  or  three  quarters  of  the  planes  of  holohedrons,  and  the  exten- 
sion of  the  remainder  until  they  meet.  We  may  not  select  any 
arbitrary  half  or  quarter  of  the  planes,  but  are  limited  by  the  follow- 
ing conditions :  ^*  If  the  crystal  be  imagined  as  free  from  aU  distortion, 
then  only  such  planes  of  the  complete  form  can  survive  to  produce  a 
hemihedron  or  tetartohedron  as  will,  after  their  extension,  intersect 
the  extremities  of  all  equivalent  axes  of  symmetry  in  the  same  number, 
under  equal  angles  and  at  the  same  distance  from  the  centre. ' '  Hemi- 
morphism  is  another  method  of  occurrence  of  partial  forms  which 
does  not  comply  with  the  above  conditions,  since  a  certain  num- 
ber of  planes  occur  at  one  end  of  an  axis  of  synmietry,  but  are 
absent  at  the  other  extremity.  Such  hemimorphic  forms  are 
therefore  open,  and  can  only  occur  in  combination. 
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It  was  proven  by  Victor  von  Lang  in  Vienna  that  all  complete 
or  holohedral  forms  must  have  one  of  six  grades  of  symmetry, 
which  therefore  can  be  used  as  a  means  of  classification  of  the  holo- 
hedral fonns  into  six  groups  called  Crystal  Systems.  We  deduce 
the  axes  from  the  symmetry  of  the  complete  forms  in  the  manner 
previously  explained  under  Planes  of  Synunetry.  A  system  of 
classification  based  wholly  upon  S3rmmetry  would  exclude  the 
hemihedral,  tetartohedral,  and  hemimorphic  forms,  because  they 
possess  less  symmetry  than  the  holohedral  forms  from  which  they 
originated,  but  the  partial  forms  are  referable  to  the  same  axes  as 
the  complete  forms  from  which  they  are  derived,  and  a  crystal 
system  must  therefore  always  be  defined  in  terms  of  their  axes 
and  symmetry  as  follows :  '*A  crystal  system  is  the  sum  of  all  possible 
crystal  forms  whose  planes  can  be  referred  to  the  same  kind  of  axes; 
or  the  sum  of  all  possible  holohedral  forms  which  possess  the  same 
grade  of  symmetry,"  According  to  this  definition  we  may  define 
the  six  systems  as  follows: 

Class  I.  System  1.  All  forms  are  referable  to  three  equal 
axes  at  right  angles  to  each  other.  The  holohedral  forms  have 
three  principal  planes  of  symmetry  at  right  angles  to  each  other, 
and  six  secondary  planes  which  bisect  the  angles  between  the 
principal  planes,  but  make  angles  of  sixty  degrees  with  each  other. 

Isometric,  Regular,  or  Tesseral  System. 

Class  II.  All  forms  are  referable  to  one  principal  or  vertical 
axis  which  is  perpendicular  to  and  different  in  length  from  the 
lateral  axes.  The  holohedral  forms  have  one  principal  plane  of 
symmetry  giving  the  principal  or  vertical  axis. 

System  2.  All  forms  are  referable  to  one  principal  axis  which 
is  perpendicular  to,  but  either  longer  or  shorter  than,  two  equal 
interchangeable  lateral  axes.  Holohedral  forms  have  one  princi- 
pal and  four  secondary  planes  of  symmetry. 

Tetragonal,    or   Quadratic   System. 

System  3.  All  forms  are  referable  to  one  principal  axis  at 
right  angles  to,  but  different  in  length  from  three  equal,  inter- 
changeable lateral  axes.  Holohedral  forms  have  one  principal 
and  six  secondary  planes  of  symmetry.     .     .     Hexagonal  System. 

Class  III.     No  principal  plane  or  axis  of  symmetry. 
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System  4.  All  forms  are  referable  to  three  unequal  rectangular 
axes.  Holohedral  forms  have  three  secondary  planes  of  symmetry 
also  at  right  angles  and  giving  the  axes. 

Orthorhombic,  or  Rhombic  System. 

System  5.  All  forms  are  referable  to  three  imequal  axes,  two 
of  which  intersect  at  an  oblique  angle,  while  they  are  both  perpen- 
dicular to  the  third.  Holohedral  forms  have  one  secondary  plane 
of  symmetry Monoclinic  or  Monos3rnmietric  System. 

System  6.  Forms  are  referable  to  three  unequal  axes  intersect- 
ing at  obUque  angles.        They  have  no  plane  or  axis  of  symmetry. 

Triclinic,  or  As3anmetric  S3rstem. 

We  can  now  pass  to  the  study  of  the  separate  systems,  and 
should  logically  begin  with  the  TricUnic,  since  it  is  the  simplest; 
but  the  symbols  of  the  forms  are  more  difficult  to  understand,  and 
one  has  also  little  to  work  upon  in  an  imsymmetrical  form.  It  is 
therefore  customary  to  begin  with  the  Isometric  System,  which 
contains  the  most  complex  forms  but  which  is  nevertheless  easier 
understood,  and  then  proceed  to  the  simpler  systems  in  the  order 
above  given. 

C.    Isometric  System. 

This  system  embraces  aU  forms  which  are  referable  to  three  equaly 
interchangeable,  rectangular  axes.  The  holohedral  forms  have  three 
principal  and  six  secondary  planes  of  symmetry.  In  writing  about 
planes  of  symmetry  it  is  customary  to  use  Roman  nimierals  when 
referring  to  principal  and  Arabic  ones  in  reference  to  secondary 
planes;  according  to  which  the  synmietry  of  isometric  holohedral 
forms  will  be  111+6.  The  principal  planes  are  at  right  angles,  and 
give  the  principal  axes,  while  the  secondary  planes  bisect  the 
angles  between  the  principal  planes  of  symmetry  but  make  angles 
of  sixty  degrees  with  each  other.  In  addition  to  the  principal 
axes  there  are  two  other  kinds  of  axes  in  use  in  this  system.  The 
trigonal  axes  are  the  lines  caused  by  the  intersection  of  the  second- 
ary planes  with  each  other.  There  will  be  four  such,  perpendicular 
to  the  faces  of  an  octahedron.  Digonal  axes  are  the  intersection 
lines  between  principal  and  secondary  planes,  being'  six  in  number, 
normal  to  the  faces  of  a  rhombic  dodecahedron.     Since  the  princi- 
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pal  axes  lie  two  and  two  in  the  principal  planes  of  symmetry,  they 
are  also  interchangeable,  and  whatever  is  true  of  one  must  also  be 
true  of  the  other  two.  The  starting-point  for  any  series  of  planes 
which  is  referable  to  the  same  crystallographic  axes  is  a  form 
which  cuts  all  the  axes  at  their  unit  lengths.  This  is  known  as  the 
fundamental  or  ground-fomty  and  would  be  written  a:b:Cj  but  in 
the  isometric  system  all  the  axes  are  equal  and  interchangeable, 
and  the  ground-form  will  cut  all  the  axes  at  equal  distances  from 
the  center,  so  that  its  symbol  will  be  a:a:a,  which  is  known  as 
the  regular  octahedron.  We  found  some  time  ago  that  the  symbol 
of  the  most  general  form  possible  would  be  na:b  : mc,  which  in 
this  system  becomes  na:a\  ma,  where  n  and  m  are  any  rational 
numbers  greater  than  one  and  less  than  infinity.  The  parameters 
are  never  made  less  than  one  because  the  isometric  axes  are  equal 
and  interchangeable,  and  any  one  may  be  assumed  as  unity.  It 
is  customary  to  do  this  with  the  shortest  intercept.  We  may 
deduce  all  possible  forms  from  the  most  general  by  giving  the 
parameters  of  the  latter  their  limiting  values,  which  are  three  in 
number,  as  follows:  the  smallest  possible  value,  unity;  the  largest 
possible  value,  infinity;  and  a  value  of  one  parameter  equal  to 
that  of  the  other.  By  doing  this  we  find  that  there  are  but  seven 
types  of  isometric  holohedrons  possible,  which  fall  into  three 
classes: 

Class  I.     Forms  with  no  variable  parameter. 

1.  m  and  n=  1,    and  the  general  symbol  becomes  a:a\a 

2.  mandn=oo,    '*     ''        ''  ''  '*        ooa:a:ooa 

3.  w=oo,n=l,     ''     "        ''  ''  "       a:a:ooa 

Class  II.    Forms  with  one  variable  parameter. 

4.  m=n,        general  symbol  becomes  ma:  a:  ma 

5.  morn=l,     '*  "  *'       a:a:ma 

6.  worn=oo,   *'  "  '*       naiaiooa 

Class  III.     Forms  with  two  variable  parameters. 

7.  m>n,  or  the  most  general  form,  na:a: ma 

We  will  now  proceed  to  describe  these  seven  types  of  forms  in 
the  order  named. 
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Octahedron. 

This  is  the  fundamental  or- ground-form  of  the  system,  since  it 
cuts  all  axes  at  their  unit  lengths.  It  consists  of  eight  equilateral 
triangles,  one  in  each  octant  as  required  by  the  holohedral  s)nnme- 
try,  which  make  angles  of  109*^  28'  16.4"  with  each  other.  The 
form  has  six  similar  tetrahedral  angles  at  the  ends  of  the  principal 
axes,  and  twelve  similar  edges  known  as  octahedral  edges.  Three 
secondary  planes  of  symmetry  are  normal  to  an  octahedral  face, 
which  is  therefore  trisymmetric.  The  Weiss  symbol  is  {a\a'.a)\ 
Miller  {111};  Naumann  O;  Dana  1.  Substances  occurring  in 
octahedrons  are:  Magnetite,  Spinel,  and  the  Alums. 

Hexahedron^  or  Cvbe. 

This  is  obtained  by  giving  the  two  variable  parameters  of  the 

general  form  their  maximum  value.     This  expression  is,  oo  a  :  a  :  x  a 

and  is  capable  of  three  permutations,  so  we  must  have  three  planes 

in  each  octant.    However,  the  two  signs  of  infinity  show  that  each 

plane  is  parallel  to  two  axes  and  must  occur  in  four  contiguous 

3x8 
octants.     In  other  words,  the  former  will  be  bounded  by  -j-=6 

planes  which  are  similar  squares  intersecting  in  twelve  similar 
edges  called  cubic  edges  enclosing  angles  of  90°.  There  are  eight 
similar  trihedral  angles  at  the  extremities  of  the  trigonal  axes. 
The  digonal  axes  are  in  the  middle  of  the  edges  uniting  each  two 
opposite  ones.  A  cube  face  is  normal  to  four  planes  of  symmetry, 
two  principal  and  two  secondary,  and  is  therefore  di  —  +  disymmetric 
11  +  2.  The  Weiss  symbol  is  (ooa:a:ooa);  Miller,  |010};  Nau- 
mann, 00  Ox  ;  Dana,  i-i,  Fluorite,  Galena  and  Halite  occur  in 
cubes. 

Rhombic  Dodecahedron. 

It  is  obtained  by  giving  one  of  the  variable  parameters  its 
greatest  possible  value,  and  the  other  the  lowest  limit,  so  that  we 
get  a  laiQca  which  is  capable  of  three  permutations  giving  three 
planes  in  each  octant.  The  sign  of  infinity  shows,  however,  that 
each  plane  is  parallel  to  one  axis  and  is  common  to  two  contiguous 
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3x8 
octants,  so  that  the  form  will  have  -^  =  12  planes  which  are 

similar  rhombs  intersecting  in  twenty-fom*  similar  edges  called 
dodecahedral  edges,  which  enclose  angles  of  120**.  There  are 
fourteen  solid  angles  of  two  kinds;  six  acute  tetrahedral  at  the 
ends  of  the  principal  axes;  and  eight  obtuse  trihedral  angles  at 
the  extremities  of  the  trigonal  axes.  Each  face  is  mono  — + mono- 
symmetric,  I  +  l.  The  symbols  are:  Weiss,  {a:a:  cca);  Miller, 
{110};  Naumann,  ooO;  Dana,  I.  Gamet  and  Sphalerite  occur 
in  this  form. 

Icositetrahedron, 

We  obtain  this  if  one  variable  parameter  is  made  equal  to  the 
other  and  still  remains  a  variable,  as  ma:a: ma,. which  is  capable 
of  three  permutations  and  will  have  three  faces  in  each  octant, 
making  twenty-four  in  all,  which  are  similar  trapeziums  or  del- 
toids intersecting  in  forty-eight  edges  of  two  kinds;  twenty-four 
longer  octahedral  edges;  and  twenty-four  shorter  cubical  edges. 
There  are  twenty-six  crystal  angles  of  three  kinds:  six  tetrahedral 
at  the  ends  of  the  principal  axes;  twelve  tetrahedral  at  the  extremi- 
ties of  the  digonal  axes;  and  eight  trihedral  at  the  ends  of  the  tri- 
gonal axes.  The  icositetrahedron  is  also  called  the  tetragonal 
trisoctahedron,  trapezohedron,  and  leucitohedron.  Its  planes 
are  monosymmetric,  1.  Its  symbols  are:  Weiss,  {maiaima); 
Miller,  \hkk}  fin  which  A>fc;  Naumann,  mOm;  Dana,  m-m.  Leu- 
cite,  Gamet,  and  Analcite  occur  in  this  form. 

Trisoctahedron. 

We  give  n  its  smallest  limit,  leaving  the  other  parameter  un- 
changed, and  the  general  form  becomes  a  :a  : ma.  This  is  capa- 
ble of  three  permutations,  so  that  we  will  obtain  a  twenty-four  face 
form  whose  planes  are  isoceles  triangles  intersecting  in  thirty-six 
edges  of  two  kinds:  twelve  longer  octahedral,  and  twenty-four 
shorter  dodecahedral  edges.  It  has  fourteen  solid  angles  of  two 
kinds:  six  octahedral  at  the  ends  of  the  principal  axes;  and  eight 
trihedral  at  the  extremities  of  the  trigonal  axes.  It  is  called  a 
trisoctahedron  because  it  is  an  octahedron  whose  planes  are  re- 


60  GENERAL  AND  SPECIAL  MINERALOGY 

placed  by  a  threensided  pyramid.  Its  planes  are  monosymmetric,  1 . 
Its  symbols  are:  Weiss,  (a  :a  :ma);  Miller,  \hhl},  in  which  h>l; 
Naiunann,  mO;  Dana,  m.  The  Diamond  sometimes  occurs  in 
this  form. 

Tetrahexahedron. 

This  form  is  obtained  by  giving  one  parameter  its  greatest  possi- 
ble value  while  the  other  remains  unchanged,  which  would  pve  us 
naiaiQoa  capable  of  six  permutations,  and  therefore  six  planes  in 
each  octant.  Each  face  is  parallel  to  one  axis,  and  consequently  in 
two  contiguous  octants,  so  that  the  form  would  be  bounded  by 

6x8 

—^  =  24  planes  which  are  isoceles  triangles  intersecting  in  thirty- 
six  edges  of  two  kinds:  twelve  longer  cubic,  and  twenty-four 
shorter  dodecahedral  edges.  There  are  fourteen  solid  angles  of 
two  kinds:  six  tetrahedrid  at  the  extremities  of  the  principal  axes, 
and  eight  hexahedral  at  the  .extremities  of  the  trigonal  axes.  Its 
faces  are  monosymmetric,  I.  It  is  a  cube  whose  faces  are  replaced 
by  a  quadratic  p)rramid,  whence  the  name.  Symbols  are:  Weiss, 
(na  :a  :  ooa);  Miller,  j*;AO},  where  h>k;  Naumann,  ooOm;  Dana, 
t-n.    Fluorite  and  Gold  sometimes  are  found  in  tetrahexahedrons. 

Hexodahedron, 

This  is  the  most  general  form  possible  in  the  isometric  system, 
and  is  the  one  from  which  we  may  consider  all  the  others  derived 
by  means  of  giving  the  variable  parameters  their  limiting  values. 
The  s)rmbol  na:a:ma  is  capable  of  six  permutations,  making 
six  in  each  octant,  or  forty-eight  planes  in  all  which  are  similar 
scalene  triangles  intersecting  in  seventy-two  edges  of  three  kinds: 
twenty-four  shortest,  cubic  edges;  twenty-four  intermediate,  octa^ 
hedral;  and  twenty-four  longest,  dodecahedral  edges.  There  are 
twenty-six  solid  angles  of  three  kinds:  six  octahedral  at  the  ends 
of  the  principal  axes;  eight  hexahedral  at  the  extremities  of  the 
trigonal;  and  twelve  tetrahedral  ,at  the  ends  of  the  digonal  axes. 
Its  planes  are  not  perpendicular  to  any  plane  of  symmetry,  and 
are  therefore  asymmetric.  The  form  may  be  considered  as  an 
octahedron  whose  faces  are  replaced  by  hexagonal  pyramids. 
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The  Weiss  symbol  is,  (naiaima);  Miller,  [hM],  h>k>l;  Nau- 
mann,  mOn;  Dana,  mrn.  The  Diamond  and  Fluorite  sometimes 
occur  in  this  form. 

All  isometric  forms  come  imder  these  seven  t3rpes,  no  others 
being  possible.  There  is  orily  one  representative  of  those  types 
which  ^  contain  no  variable  parameters,  so  that  we  have  but  one 
cube,  octahedron,  and  rhombic  dodecahedron  which  are  known  as 
fixed  forms,  while  all  other  types  vary  between  them  as  final  limits. 
Thofee  types  which  contain  variable  parameters  may  be  represented 
by  a  great  variety  of  forms  which  vary  only  in  their  corresponding 
interfacial  angles.  Therefore  we  may  have  many  of  mOn,  mO, 
00  On  and  mOn.  As  before  stated,  we  may  regard  the  six  simplest 
forms  as  special  types  of  the  hexoctahedron.  We  will  take  a 
concrete  example  and  start  with  the  hexoctahedron  402.  We 
may  vary  one  parameter  only  in  three  ways: 

1.  By  increasing  the  greater:  402,  602,  602,  1202,  to  oo02, 
the  tetrahexahedron  which  is  its  limiting  form. 

2.  By  decreasing  the  greater  to  the  limit  of  the  less:  402, 
i02,  302,  |02,  to  202,  the  icositetrahedron.,  another  limiting 
form. 

3.  By  decreasing  the  less:  402,  40J,  40|,  40i  to  40,  the 
trisoctahedron,  a  limiting  form. 

Both  parameters  may  be  varied  together  in  three  ways: 

1.  Both  increased:  402,  503,  604  to  ooOoo,  the  cube. 

2.  Both  decreased:  402,  JOJ,  30|,  |0|  to  0,  the  octahedron. 

3.  One  increased  and  the  other  diminished:  402,  50 J,  60}, 
70i  to  oD  O,  the  rhombic  dodecahedron. 

Thus  we  see  that  the  other  holohedral  forms  are  special  cases 
of  the  hexoctahedron,  and  are  also  its  limiting  forms.  The  forms 
with  one  variable  parameter  vary  between  the  fixed  forms  having 
no  variants  as  follows:  By  increasing  the  m  in  mO  we  get  ooO, 
but  by  decreasing  it  we  get  0;  by  increasing  the  m  in  mOm  it 
becomes  oo  Ooo ,  while  by  decreasing  it,  it  gives  0.  By  increasing 
the  n  of  00  On,  it  becomes  ooOoo,  while  by  decreasing  it,  we 
get  00  O. 

The  following  triangular  diagram  shows  the  relations  of  the 
various  isometric  holohedrons  to  each  other.    The  fixed  forms 
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occupy  the  apexes  of  the  triangle,  while  those  with  one  variable 
are  found  on  the  sides,  and  the  most  general  form,  since  it  varies 
between  the  other  six,  will  occur  in  the  center. 


00  On 
Symmetry,  III +  6. 

Although  all  isometric  holohedrons  completely  enclose  space 
and  therefore  may  occur  alone,  still  all  may  occur  in  combination 
with  each  other.  In  fact,  combinations  are  more  common  than 
the  simple  forms,  and  in  them  the  various  forms  will  naturally  have 
different  shapes  than  in  the  simple  forms  because  of  the  different 
combination  edges.  If  a  cube  angle  is  truncated  by  an  octahedron 
the  cube  face  will  be  eight-sided  instead  of  four.  No  matter  how 
changed  the  faces  may  become  in  shape,  the  number  of  planes  and 
the  parameters  of  a  form  are  invariable.  These  two  factors,  with 
the  symmetry,  are  the  important  points  concerned  in  the  determina- 
tion of  the  forms  on  crystals,  or  models. 

Isometric  Hemihedrism. 

As  was  previously  mentioned,  one  half  of  the  planes  of  a  holo- 
hedral  form  may  occur  on  crystals  without  the  presence  of  the 
other  half.  We  imagine  the  partial  forms  to  result  from  the  sup- 
pression of  half  the  planes  of  the  holohedron,  and  the  extension 
of  the  remaining  half  until  they  intersect.  We  found  that  no 
arbitrary  half  nught  be  selected,  but  that  certain  conditions  must 
be  fulfilled :  in  crystals  free  from  distortion,  only  those  planes  can  be 
chosen  that  will,  after  their  extension,  cut  all  equivalent  axes  of 
symmetry  in  the  same  number  of  planes,  at  the  same  angles,  and  at 
the  same  distance  from  the  center.  When  we  apply  these  condi- 
tions to  the  most  general  isometric  form,  we  find  that,  of  the  many 
methods  of  selecting  half  of  the  planes  of  the  hexoctahedron,  only 
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three  of  them  yield  partial  forms  which  fulfill  the  requirements  as 
follows: 

1.  A  selection  of  alternate  planes  producing  gyroidal  or  plagiO' 
hedral  hemihedrism. 

2.  The  selection  of  alternate  pairs  of  planes  which  intersect  at 
the  principal  planes  of  S3rmmetry.    This  is  known  as  pentagonal  ov 
parallel-face  hemihedrism. 

3.  Selection  oi  alternate  octants  giving  tetrahedral  or  inclined- 
face  hemihedrism. 

Gyraidalj  or  Plagiohedral  Hemihedrism. 

If  the  alternate  planes  of  mOn  are  extended  until  they  meet,  a 
new  form  will  result.  Another  form  will  result  from  the  other  set 
of  alternate  planes.  These  two  forms,  obtainable  from  every 
hexoctahedron,  are  boimded  by  twenty-four  similar  unsymmetrical 
pentagons,  whence  they  are  called  pentagonal  icositetrahedrons, 
and  are  distinguished  as  right-  or  left-handed  according  as  they 
contain  the  right  or  left  top  plane  of  the  front  upper  octant.  To 
their  symbols  we  may  add  the  Greek  letter  /-,  to  indicate  the  kind 

of  hemihedrism.    Their  Naumann  symbols  are  — ^  rj,  and  —^ly  7 

These  forms  are  devoid  of  symmetry,  all  nine  having  disappeared 
through  this  method  of  alternate  selection,  but  they  are  still  refera- 
ble to  three  rectangular  axes.  Although  themselves  without  sym- 
metry, the  right-  and  left-handed  pentagonal  icositetrahedrons 
are  still  symmetrical  with  reference  to  each  other.  Such  forms 
devoid  of  symmetry  as  will  never  coincide  by  any  revolution,  but 
are  symmetrical  with  reference  to  each  other,  are  known  as  incon- 
gruent  or  enantiomorphous  forms. 

We  found  that  we  could  regard  the  other  six  isometric  holohe- 
drons  as  special  cases  of  the  hexoctahedron.  In  order  to  apply  the 
gyroidal  method  to  these  forms,  we  will  regard  them  as  forty-eight- 
sided  figures,  certain  of  whose  planes  intersect  at  angles  of  180°. 
According  to  this  view,  the  faces  of  the  cube  will  consist  of  eight 
planes;  those  of  the  octahedron  of  six;  those  of  the  rhombic  dodec- 
ahedron of  four;  while  those  of  the  icositetrahedron  will  consist 
of  two  planes.     If  we  apply  the  above  method  of  hemihedral  selec- 
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tion  to  these  six  holohedrons,  it  is  evident  that  no  geometrically  new 
form  will  result,  because  the  surviving  alternate  portions  will  repro- 
duce by  their  extension  the  original  holohedron.  In  spite  of  their 
holohedral  shape,  all  these  forms  are  devoid  of  symmetry  because 
they  are  produced  by  an  asynunetrical  molecular  arrangement. 
This  is  better  understood  if  we  combine  a  pentagonal  icositetra- 
hedron  with  a  cube,  or  octahedron.  The  presence  of  the  former 
will  destroy  the  symmetry  of  the  latter,  so  that  we  can  say  that, 
in  this  hemihedral  division,  all  forms  except  those  geometrically 
new  ones  derived  from  the  hexoctahedron  are  apparently  holohedral 
hemihedrons.  This  kind  of  hemihedrism  is  very  rare,  and  has  been 
observed  only  on  Cuprite",  Sylvite,  and  Sal  Ammoniac.  Using  the 
same  triangular  method  as  in  the  holohedral  forms,  and  omitting 
all  forms  which  are  not  geometrically  new,  we  obtain  the  following 
summary  of  gyroidal  forms: 


Synometry,  0. 

Pentagonal  or  ParaUd-Face  Hemihedrism. 

This  kind  is  produced  by  the  selection  of  alternate  pairs  of 
planes  of  the  hexoctahedron,  which  intersect  at  the  principal  planes 
of  symmetry,  or  octahedral  edges,  and  extension  of  them  until 
they  meet,  with  the  suppression  -of  the  other  half.  By  this  method 
the  original  secondary  planes  of  symmetry  disappear,  and  the  prin- 
cipal planes  are  converted  into  secondary  ones. 

Didodecahedron,   or  Diploid.  '  ' 

By  applying  the  above  method  to  the  most  general  form,  we 
obtain  two  geometrically  new  forms  called  didodecahedrons  or 
diploids,  bounded  by  twenty-four  similar  trapeziums  intersecting 
in  forty-eight  edges  of  three  kinds:  twelve  longer,  twenty-four 
intermediate,  and  twelve  shorter.    They  have  twenty-six  solid 
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angles  of  three  kinds:  six  tetrahedral  at  the  ends  of  the  principal 
axes;  eight  trihedral  at  the  extremities  of  the  trigonal  axes;  and 
twelve  tetrahedral  formed  where  the  three  kinds  of  edges  intersect. 
The  diploids  differ  from  each  other  only  in  position,  and  a  revolution 
of  90®  will  cause  either  one  to  coincide  with  the  other.  As  opposed 
to  enantiomorphous  or  incongruent,  such  forms  are  said  to  be  con- 
gruent j  and  their  positions  are  distinguished  as  positive  and  nega- 
tive. The  positive  diploid  contains  the  right  top  plane  in  the 
upper  front  octant  of  the  holohedral  form,  while  the  negative 
diploid  contains  the  left  top  plane.  In  the  positive  form  the  planes 
about  the  front  end  of  the  a  axis  will  have  a  vertical  arrangement, 
while  in  the  other  form  they  are  horizontal.    Their  Naumann 

symbols  are  +— ^r— tt  and ^t-k.    The  Greek  letter  n  is  used  to 

indicate  parallel-face  hemihedrism  and  to  distinguish  it  from  the 
gyroidal  form. 

Pentagonal  Dodecahedron. 

Any  other  holohedral  form  is  capable  of  producing  a  new  hemi- 
hedron,  provided  its  planes  correspond  to  the  pairs  of  planes  se- 
lected on  the  hexoctahedron.  This  is  the  case  with  the  tetrahexa- 
hedron,  but  it  is  true  of  no  other  form.  From  it  we  get  two  new 
congruent  forms  called  pentagonal  dodecahedrons,  bounded  by 
twelve  similar  pentagons  which  intersect  in  thirty  edges  of  two 
kinds:  six  regular,  and  twenty-four  irregular.  It  has  twenty  solid 
angles  of  two  kinds:  eight  trihedral  with  like  edges  at  the  ends  of 
the  trigonal  axes;  and  twelve  trihedral  made  by  the  intersection 
of  two  kinds  of  edges.  The  positive  form  has  one  of  the  regular 
edges  at  the  front  end  of  the  a  axis  running  in  a  horizontal  direc- 
tion, while  in  the  negative  one  the  edge  is  vertical.    The  Naumann 

,    ,            .  ooOn          ,      ooOn 
sjmnbols  are  H —n,  and ^tt. 

No  other  isometric  forms  except  the  hexoctahedron  and  tetra- 
hexahedron  are  affected  so  as  to  produce  new  forms,  and  are  conse- 
quently apparently  holohedral  hemihedrons;  but  this  molecular 
arrangement  is  such  that  only  three  secondary  planes  of  symmetry 
at  right  angles  are  present.    The  two  hemihedrons  may  combine 
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with  each  other  as  well  as  the  other  five  holohedrons,  but  these 
forms  may  not  combine  with  the  gyroidal  forms  because  their 
grades  of  symmetry  differ.  Minerals  having  forms  belonging  to 
this  division  of  hemihedrism  are  Pyrite  and  Cobaltite.  A  summary 
of  this  kind  of  hemihedrism  in  accordance  with  the  previous  custom 
is  the  following: 


-IT' 
Symmetry,  3  at  90*. 

Tetrahedral  or  Inclined-Face  Hemihedrism. 

This  is  caused  by  the  selection  and  suppression  of  successive 
octants,  and  can  produce  new  forms  only  on  those  holohedrons 
which  have  their  faces  occurring  exclusively  in  a  single  octant. 
There  are  four  such  forms:  the  hexoctahedron,  icositetrahedron, 
trisoctahedron,  and  dfctahedron.  By  this  .method  the  principal 
planes  of  symmetry  disappear,  while  the  six  secondary  planes 
remain. 

Hextetrahedron. 

There  are  two  such  congruent  forms  produced  from  the  hexoc- 
tahedron, a  revolution  of  90°  being  sufficient  to  bring  one  into  the 
position  of  the  other.  They  are  bounded  by  twenty-four  similar 
scalene  triangles,  which  intersect  in  thirty-six  edges  of  three  kinds: 
twelve  longer,  twelve  medium  and  twelve  shorter.  There  are 
fourteen  solid  angles  of  three  kinds:  six  tetrahedral  at  the  ends  of 
the  principal  axes;  four  obtuse  hexahedral  over  the  octants  which 
remain;  and  four  acute  hexahedral  over  the  suppressed  octants. 

The  Naumann  symbols  +-75—/^  and ,^k. 
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Trigonal  Tristelrdhedron,  or  Trigonal  Dodecahedron. 

There  are  two  of  these  forais  produced  from  the  icositetrahe- 

dron,  bounded  by  twelve  isoceles  triangles  intersecting  in  eighteen 

edges  of  two  kinds:  six  longer,  and  twelve  shorter.    There  arc 

eight  solid  angles  of  two  kinds:  four  trihedral  over  the  octants 

which  remain;  and  four  hexahedral  over  the  suppressed  octants. 

rrn           •!_  1            .  rnOm         ,      tnOm 
The  symbols  are  H — ^k  and o""'^- 

Tetragonal  Tristetrahedrony  or  Deltoid  Dodecahedron. 

The  trisoctahedron  produces  two  new  congruent  forms  bounded 
by  twelve  similar  trapeziums  or  deltoids,  which  intersect  in  twenty- 
four  edges  of  two  kinds:  twelve  longer  and  twelve  shorter.  There 
are  three  kinds  of  solid  angles,  fourteen  in  all,  as  follows:  six  tetra- 
hedral  at  the  ends  of  the  principal  axes;  four  obtuse  trihedral  over 
the  selected  octants;  and  four  acute  trihedral  over  the  suppressed 

octants.    The  symbols  are  +—,z-k  and  — j^k. 

Tetrahedron. 

The  octahedron  yields  two  new  forms  which  are  the  regular 
tetrahedrons  of  geometry.  They  are  bounded  by  four  equilateral 
triangles  intersecting  in  six  similar  edges  with  four  trihedral  angles 

over  the  suppressed  octant.     Symbols  are  -^--rK  and  ~k^. 

The  cube,  rhombic  dodecahedron,  and  tetrahexahedron  whose 
planes  occur  in  more  than  one  octant,  do  not  produce  new  forms, 
but  will  be  hemihedrons  which  are  apparently  holohedral,  as  is 
shown  by  their  s}Tnmetry.  If  tetrahedral  hemihedral  forms  are 
held  so  that  their  selected  planes  are  in  the  upper,  front,  right-hand 
octant,  they  are  positive;  but  if  in  the  upper,  front,  left-hand 
octant,  they  are  negative.  Positive  and  negative  hemihedrons 
often  unite  and  produce  a  form  which  is  holohedral  with  respect  to 
the  number  of  faces,  but  its  hemihedral  character  is  shoT^Ti  in  the 
different  shapes  of  its  faces  or  by  its  luster,  smoothness,  or  some 
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other  property.    Minerals  belonging  to  this  division  are  Diamond, 
Sphalerite,  Boracite,  and  Tetrahedrite. 
Summary: 


±n^m^ 


Symmetry,  6  at  60*. 

Isometric  Tetartohedrism. 

This  is  the  independent  occurrence  of  one  quarter  of  the  planes 
of  the  holohedral  form,  and  may  be  regarded  as  due  to  the  develop- 
ment of  two  kinds  of  hemihedrism  on  the  same  individual  at  the 
same  time.  The  conditions  to  be  satisfied  are  the  same  as  in 
hemihedrism:  that  the  remaining  planes  must  cut  equivalent 
axes  in  the  same  number,  at  equal  angles,  and  at  the  same  distance 
from  the  centre.  To  discover  what  kinds  of  tetartohedrism  may 
occur  in  any  system  we  combine  the  methods  of  hemihedral  selec- 
tion in  all  possible  wa3rs,  and  notice  which  of  the  results  satisfy 
the  above  conditions.  In  the  isometric  system  we  may  combine 
g3rroidal  and  pentagonal,  gyroidal  and  tetrahedral,  and  pentagonal 
with  tetrahedral,  on  the  most  general  form,  and  the  result  will 
always  be  the  same,  no  matter  which  kinds  are  combined.  The 
resulting  form  will  satisfy  the  conditions. 

Tetrahedral  Pentagonal  Dodecahedron. 

This  is  the  form  which  is  produced,  and  is  bounded  by  twelve 
similar  irregular  pentagons  with  thirty  edges.  The  form  is  com- 
pletely uns3mrimetrical.  There  will  be  four  such  forms  derivable 
from  every  hexoctahedron.  The  two  developed  from  the  alternate 
planes  of  the  same  octant  will  be  enantiomorphous,  and  are  distin- 
guished as  right-  and  left-handed.  To  each  of  these  two  forms 
there  will  be  a  congruent  form,  derived  from  the  other  octant, 
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and  the  congruent  fonns  are  distinguished  as  positive  and  negative. 
They  are  designated  as  follows: 


1.  Positive  right-handed,  +  ~A~^f  '^ 

2.  Negative  right-handed, j— r,  sat 

3.  Positive  left-handed,     +—^l,Kn 

4.  Negative  left-handed, j— Z,  tat 


Congruent  pair. 


^  Congruent  pair. 


We  could  have  used  the  Greek  letters  /-/c,  or  pt  just  as  well  as  /f;r, 
but  the  forms  are  the  same  in  any  case.  A  union  of  1  and  2,  or  3 
and  4  will  produce  a  right-handed  or  left-handed  pentagonal 
icositetrahedron;  1  and  4  combined  will  form  the  deltoid;  while  a 
union  of  1  and  3  will  result  in  the  hextetrahedron. 

No  other  new  form  will  result  in  the  isometric  system,  but  the 
other  forms  may  be  really  tetartohedral  on  account  of  their  molecu- 
lar structure,  even  when  they  do  not  differ  geometrically  from  hemi- 
hedral  or  holohedral  forms.  There  are  two  ways  of  recognizing  a 
crystal  as  tetartohedral:  (1)  By  identif3dng  on  it  the  faces  of  the 
tetrahedral  pentagonal  dodecahedron.  (2)  By  finding  on  it  faces 
of  forms  belonging  to  two  different  kinds  of  hemihedrism,  as,  for 
example,  the  faces  of  a  tetrahedron  and  pentagonal  dodecahedron. 
In  this  case  we  know  that  if  the  hexoctahedron  should  occur  on  the 
crystal,  it  would  have  but  one  quarter  of  its  planes.  There  are  no 
tetartohedral  isometric  minerals;  but  Sodium  Chlorate  and  Bro- 
mate,  and  the  Nitrates  of  Barium,  Strontium,  and  Lead  belong  to 
this  division.    Summary: 


Symmetry,  0. 
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D.    Tetragonal  System. 

The  forms  of  this  system  are  referred  to  one  principal,  vertical 
axis  which  is  longer  or  shorter,  but  at  right  angles  to  two  equal 
interchangeable  lateral  axes.  The  holohedral  forms  have  one 
principal  plane  of  symmetry,  and  four  secondary  planes  at  right 
angles  to  the  principal,  but  intersecting  each  other  at  an  angle  of 
45°  in  the  principal  axis.  The  alternate  secondary  planes  only  are 
crystallographically  interchangeable,  while  the  contiguous  planes 
are  not  equivalent.  Consequently  the  interchangeable  planes 
must  intersect  each  other  at  angles  of  90°,  and  either  pair  may  be 
considered  as  determining  the  position  of  the  secondary  lateral 
axes  where  they  intersect  with  the  principal  plane.  The  pair  which 
determines  the  axes  are  called  axial  planes^  while  the  other  two 
planes  are  called  intermediate  planes,  and  determine  the  position 
of  the  intermediate  axes  which  are  sometimes  used  for  reference. 
The  essential  difference  between  tetragonal  and  isometric  systems 
is,  that  the  vertical  axis  is  different  in  length,  and  therefore  not 
interchangeable  with  the  two  lateral  axes.  This  fact  is  expressed 
in  the  manner  of  writing  the  tetragonal  axes  of  imit  length  a  :a  :  c. 

The  fundamental  or  ground-form  was  defined  to  be  such  a  one 
whose  planes  intercept  all  the  axes  at  their  unit  lengths.  In  the 
isometric  system  the  axes  were  all  equal,  and  we  could  have  but 
one  such  form.  In  the  present  system,  where  the  vertical  and 
lateral  axes  are  unequal,  and  are  irrational  multiples  of  each  other, 
we  may  have  a  variety  of  fundamental  forms  in  the  same  manner* 
that  there  are  a  variety  of  irrational  inequalities  between  the  axes. 
The  ratio  between  the  unit  lengths  of  the  two  unequal  kinds  of 

axes  a  and  c  is  denoted  by  the  quotient  -  in  which  a  is  assumed  as 

unity.  This  quotient  is  called  the  axial  ratiOy  and  the  axial  ratios 
derived  from  all  forms  occurring  in  crystals  of  the  same  substance 
under  the  same  conditions  must,  according  to  the  law  of  rational 
indices,  be  multiples  of  each  other,  while  those  axial  ratios  obtained 
from  forms  on  crystals  of  different  substances  are  irrational  multiples 
of  one  another.  The  axial  ratio  is,  therefore,  very  important  because 
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it  is  a  constant  for  all  crystallized  matter  not  isometric,  and  serves 
to  distinguish  minerals  in  the  manner  that  specific  gravity,  hard- 
ness, and  any  other  physical  or  characteristic  property  does.  It 
is  important,  therefore,  to  determine  accm*ately  this  ratio  for  all 
substances,  and  in  this  system  it  is  easily  accomplished  by  measur- 
ing the  interfacial  angles  of  the  ground-form  with  the  reflection- 
goniometer.  These  angles  are  parts  of  right-angle  spherical  tri- 
angles which  may  be  inscribed  in  the  ground-form  and  solved  by 
Napier's  rules,  which  are  as  follows:  the  sine  of  the  middle  part 
equals  the  product  of  the  tangents  of  the  adjacent  parts;  the  sine 
of  the  middle  part  equals  the  product  of  the  cosines  of  the  opposite 
parts.  In  the  figiu-e  we  measure  the  interfacial  angle  about  the 
polar  edge  X,  or  the  angle  about  the  basal  edge  Z,  either  one  of 
which  is  sufficient.  To  take  an  example,  X  oh  the  mineral  Zircon 
is  123°  19'  26'^  while  Z  is  84°  20'.  Now  in  the  plane  right-angle 
triangle  made  between  the  c  axis,  a  axis,  and  the  polar  edge  X,  the 
tangent  of  the  angle  6,  which  is  the  inclination  of  the  edge  X  to  the 

a  axis,  is  the  quantity  c  divided  by  a,  the  desired  axial  ratio,  or 

f* 

tgfe  =  -  in  which  case  a  is  assumed  as  unity,  so  that  tg6=c.    b,  how- 
d 

ever,  is  one  side  of  a  right-angle  spherical  triangle  which  is  inscribed 

in  the  crystal  so  that  two  of  its  angles  are  ^X  and  ^Z,  while  a 

side  is  the  inclination  between  the  a  axis  and  the  edge  Z,  which  is 

45°.    In  this  spherical  triangle  the  side  b  must  be  calculated  from 

the  given  side  and  either  of  the  angles,  iX  or  yZ.      We  will 

first  use  JX,  and  choose  b  as  the  middle  part,  in  which  case  the 

angle  ^X  and  the  side  45°  are  adjacent  parts,  and  it  is  solved  as 

follows: 

sm  6  =  tg  45°  cot  61*^  39^  47" 
6  =  32°  38'  4" 
Jogtg6  =  9.806431 
b  =  0.6404 

c 
which  is  c,  the  axial >atio  desired,  since  tg6=  -  in  which  a  is  \mity. 

ct  • 

If  we  wish  to  use  the  basal  edge  as  ^Z,  then  the  side  45°  becomes 
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the  middle  part,  with  j^Z  and  the  side  h  as  adjacent  parts,  and 
the  triangle  is  solved  as  follows: 

sm45°  =  cot42^10'tg6 

,  sin  45^ 

^^^^  cot  42^10' 

log  sin  45  »  9.849475 
-log  cot  42^  IC  =  0.043023 


log  tg&»  9.806452 
6  =  0.6404 

Mere  inequality  in  the  lengths  of  the  intercepts  on  the  lateral 
and  vertical  axes  is  not  alone  sufficient  to  produce  a  tetragonal  form. 
The  ratio  existing  between  these  unequal  intercepts  must  further 
be  an  irrational  quantity.  For  example,  a  plane  whose  symbol  is 
a:a:2a  has  an  intercept  on  one  axis  which  is  different  from  the 
other  two,  but  as  long  as  the  parameter  2  is  a  rational  multiple  of 
all  the  axes,  the  form  continues  to  be  isometric.  When,  however, 
the  parameter  2  is  only  a  rational  multiple  of  the  vertical  axis, 
and  is  an  irrational  multiple  of  the  lateral  axes,  the  s3niibol  must 
be  written  a  :  a  :  2c  and  the  plane  becomes  tetragonal.  Therefore 
the  axial  ratio  is  an  irrational  quantity  which  is  characteristic  of 
all  chemical  compounds  not  isometric.  When  more  than  one 
pyramid  occurs  on  crystals  of  the  same  substance,  we  must  select 
one  of  them  as  the  ground-form,  and  calculate  the  axial  ratio  from 
it.  It  makes  no  difference  which  one  is  chosen,  for,  according  to 
the  law  of  the  rationality  of  the  indices,  the  intercepts  of  all  the 
planes  on  the  same  or  equivalent  axes  must  be  even  multiples  of 
one  another;  while  the  ratio  between  the  intercepts  of  any  plane 
on  dissimilar  axes  must  always  be  the  axial  ratio,  or  some  even 
multiple  of  it.  for  the  particular  substance  to  which  the  plane 
belongs.  For  the  sake  of  uniformity  in  the  selection  of  a  ground- 
form  we  generally  choose  the  most  common,  or  most  prominent 
pyramid,  or  else  one  that  is  marked  by  some  physical  property, 
such  as  cleavage,  or  luster.  Before  leaving  the  groimd-form  and 
axial  ratio  let  us  note  again  the  fact  that  in  the  s3rmbol  aiaic, 
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the  fact  is  expressed  that  the  unit  lengths  of  the  lateral  axes  are  greater 
or  less  than  the  unit  length  of  the  vertical  axis.  In  the  case  of  the 
Zircon  whose  axial  ratio  we  calculated,  the  unit  lengths  a:a:c 
were  m  the  proportion  1:1: 0.6404.  The  symbol  of  the  most 
general  form  will  be  na :  a  :  mc,  from  which  all  other  holohedrons 
may  be  developed  by  assigning  limiting  vfdues  to  n  and  m.  Since 
it  is  customary  to  make  the  lesser  lateral  intercept  equal  to  imity, 
n  will  vary  between  one  and  infinity,  but  since  m  refers  to  a  single 
axis,  it  will  vary  between  zero  and  infinity.  By  assigning  these 
limiting  values  we  obtain  but  seven  types  of  forms,  which  fall  into 
three  divisions,  as  follows: 

Class  I.    Forms  with  two  variable  parameters. 

1.  m^n,  the  most  general  form  na:a: mc. 

Class  II.    Forms  with  one  variable  parameter. 

2.  m=oo ,  the  general  sjmibol  becomes  naiaiooc. 

3.  n=  1,  general  form  becomes  a:a:  mc. 

4.  n= 00 ,  general  symbol  becomes  oo  a  :  a  :  ?7ic. 

Class  III.    Forms  with  no  variable  parameter. 

5.  n=  1,      m= 00  ,  general  symbol  becomes  a  :  a  :  oo  c. 

6.  n=  00  ,  m=  00  ,  general  symbol  becomes  oo  a  :  a  :  oo  c. 

7.  n=l,    m=0,    general  form  becomes  a  :a:Oc. 

( 

Ditetragorud  Pyramid. 

This  is  the  most  general  form  whose  symbol,  na  :a  : mcy  admits 
of  two  permutations,  so  that  there  will  be  two  planes  in  each  octant, 
making  sixteen  in  all,  which  are  similar  scalene  triangles  intersect- 
ing in  twenty-four  edges  of  three  kinds:  eight  basal  edges;  eight 
polar  edges  through  which  the  axial  planes  pass;  and  eight  polar 
edges  through  which  the  intermediate  planes  pass.  There  are  ten 
solid  angles  of  three  kinds :  two  octahedral  at  the  ends  of  the  prin- 
cipal axis;  four  tetrahedral  at  the  extremities  of  the  lateral  axes; 
and  four  tetrahedral  at  the  ends  of  the  intermediate  axes.  The 
fact  that  the  axial  and  intermediate  planes  of  symmetry  are  not 
interchangeable  is  expressed  in  the  different  kinds  of  polar  edges, 
one  set  being  acute  and  the  other  obtuse.    The  vertical  intercepts 
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for  all  planes  of  this  form  will  be  the  same,  since  c  is  not  inter- 
changeable with  a.  S3nnbols  are,  Weiss,  {na  :  a  :  ma) ;  Miller, 
{hM];  Naumann,  mPn;  Dana,  Wr^. 

Ditetragonal  Prism. 

This  form  is  obtained  by  giving  m  its  maximum  value  with  the 

other  parameters  remaining  unchanged.    We  get  na  :  a  :  oo  c,  which 

is  capable  of  two  permutations,  but  the  sign  of  infinity  shows  that 

each  plane  is  parallel  to  one  axis,  and  therefore  in  two  contiguous 

2X8 
octants,  so  that  the  form  is  bounded  by  —^-=8  planes.    There 

are  two  kinds  of  edges,  four  acute  and  four  obtuse,  through  which 
the  lateral  and  intermediate  axes  appear.  The  value  of  the  para- 
meter n  will  govern  which  axes  will  terminate  in  the  acute  or  obtuse 
edges.  The  ditetragonal  prism  is  an  open  form  and  cannot  enclose 
space,  so  that  the  shape  of  its  faces  will  depepd  upon  the  form 
which  combines  with  it.  It  may  be  regarded  as  an  infinitely  steep 
ditetragonal  pyramid.  Its  s3anbols  are:  Weiss,  (na:a:oo)c; 
Miller,  [hkO];  Naumann,  xPn;  Dana,  i-n. 

Tetragonal  Pyramid  of  the  First  Order. 

If  we  give  n  its  smallest  value,  while  m  remains  unchanged, 
the  general  form  becomes  a  :a  : mc,  which  is  capable  of  no  permu- 
tations, and  therefore  has  but  one  plane  in  each  octant.  It  is 
bounded  by  eight  isosceles  triangles  meeting  in  twelve  edges  of 
two  kinds:  four  similar  basal  edges  and  eight  similar  polar  edges. 
There  are  six  solid  angles  of  two  kinds:  two  tetrahedral  at  the 
ends  of  the  principal  axis,  and  four  tetrahedral  at  the  extremities 
of  the  lateral  axes.  In  all  tetragonal  pyramids  of  the  first  order 
the  lateral  axes  appear  in  the  crystal  angles.  The  Weiss  symbols 
are  (a  :a  :mc))  Miller,  {AW|;  Naumann,  mP;  Dana,  m. 

Tetragonal  Pyramid  of  the  Second  Order. 

We  obtain  this  form  by  assigning  n  its  greatest  limiting  value 
while  m  remains  unchanged.  We  get  ooa  :a  : mc,  which  is  capable 
of  two  permutations  and  will  cause  two  planes  in  every  octant,  but 
each  plane  will  occur  in  two  contiguous  octants,  so  that  the  form 
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2x8 
will  have  -^r- =8  faces  which  are  equilateral  triangles.    This  form 
Ji 

is  externally  exactly  the  same  as  the  pyramid  pf  the  first  order,  and 
the  difference  is  only  one  of  position.  Here  the  intermediate 
planes  pass  through  the  polar  edges,  while  the  axial  planes  pass 
through  the  middle  of  the  faces.  They  differ  by  an  angle  of  45°, 
and  the  order  of  either  depends  on  which  of  the  two  pairs  of  hori- 
zontal axes  are  chosen  as  lateral  axes.  In  all  second  order  pyramids 
of  the  tetragonal  system,  the  lateral  axes  appear  in  the  middle  of 
the  basal  edges.  S3rmbols  are:  (ooa  :a  :mc);  |0W|;  mPoo  ;  mr-i. 
This  form  really  belongs  to  the  prismatic  type,  since  it  is  parallel  to 
one  axis. 

No  new  type  of  tetragonal  form  is  produced  when  we  give  m 
the  value  of  unity,  because  this  is  not  a  limiting  value  for  c,  which 
varite  between  zero  and  infinity.  It  is  customary,  however,  to 
call  those  pyramids  whose  vertical  parameters  are  imity,  unit  pyra- 
mida.  They  do  not  differ  from  the  other  pyramids  any  more  than 
these  differ  among  themselves,  since,  as  we  found  some  time  ago,  it 
is  arbitrary  which  of  the  pyramids  on  a  crystal  is  chosen  as  the 
groimd-form.  The  symbols  of  the  unit  pyramids  are:  Pn,  {hkk} ; 
P,  {111} ;  Poo ,  {101}.  Since  m  varies  from  zero  to  infinity,  it  will 
be  seen  that  it  is  possible  to  have  a  series  of  obtuse  and  acute  forms 
belonging  to  each  of  the  three  pyramidal  types  (the  first  order, 
second  order,  and  ditetragonal).  To  calculate  the  axial  ratio  from 
any  second  order  pjrramid,  it  is  only  necessary  to  measure  the  angle 
included  by  any  basal  edge.  In  this  case  we  have  to  deal  with 
plane  right-angle  triangles  and  not  spherical  ones,  and  the  axial 
ratio  is  given  by  the  tangent  of  one  hjJf  the  interf acial  angle  over  a 

basal  edge  as  follows:  <gf^Z=-,  in  which  a  is  unity. 

d 

Tetragonal  Prism  of  the  First  Order. 

This  form  is  obtained  when  n  is  given  its  least,  and  m  its  greatest 
possible  limit,  so  that  we  get  a  :  a  :  oo  c,  which  is  capable  of  no  per- 
mutations, and  must  have  one  plane  in  each  octant;  but  all  planes  go 
parallel  to  the  vertical  axis,  and  there  can  be  but  four  planes.  It 
may  be  considered  as  an  infinitely  steep  pyramid  of  the  first  order. 
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It  is  an  open  form,  and  can  only  occur  in  combination,  so  that  its 
shape  will  depend  upon  the  form  which  combines  with  it.  In  all 
prisms  of  the  first  order  in  this  system,  the  lateral  axes  appear  in 
the  centre  of  each  prismatic  edge.  Symbols  are:  (a:a:ooc); 
jllOl;  ooP;  I. 

Tetragonal  Prism  of  the  Second  Order. 

This  arises  when  both  n  and  m  are  given  their  maximmn  limits 
and  the  general  sjmibol  becomes  oo  a  :  a  :  oo  c,  which  is  also  a  form 
bounded  by  four  sides,  and  which  diflfers  only  in  position  from  the 
first  order  prism,  and  may  be  made  to  coincide  with  it  by  a  revolu- 
tion of  45^.  In  all  tetragonal  second  order  prisms,  the  axes  appear 
in  the  middle  of  the  faces.  It  may  be  regarded  as  an  mPoo  where 
the  m  is  infinitely  large.  Second  order  prisms  of  the  tetragonal 
system  belong  virtually  to  the  pinacoidal  tjrpe,  since  their  faces  go 
parallel  to  two  axes.    Sjonbols:  (ooa  :a  :ooc);  {010};  ooPoo  ;  i-t. 

Basal  Pinacoid,  or  Base. 

This  is  produced  by  assigning  m  and  n  their  minimum  values, 
zero  and  imity,  giving  the  symbol  a  :a  :0c.  This  causes  all  pyra- 
mids to  fall  into  one  plane  which  coincides  with  the  principal  plane 
of  symmetry.  When  such  a  plane  is  separated  into  the  pair  of 
parallel  planes  necessary  to  holohedral  forms,  we  have  an  open 
form  whose  shape  will  depend  upon  its  combination  with  other 
forms.    The  symbols  are:  (a: a  :0c);  {001};  OP;  0. 

The  relation  of  limiting  forms  may  be  shown  in  the  following 
table,  in  which  m  indicates  a  vertical  parameter  greater  than  unity 

and  —  one  less  than  unity. 
m 

FuBt  Order  Forms,    OP P    — P    — wP    — ooP 

Ditetragonal  Forms,  OP Pn  — Pn  — mPn  — ooPn 

SecondOrder  Forms,  OP— J — Poo  —Poo  — wPoo  — oo  Poo 

'm 
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Members  of  the  same  row  or  order  always  form  parallel  edges 
with  each  other,  while  forms  of  different  orders  make  zigzag  edges 
with  one  another.  Tetragonal  holohedral  minerals  are  Cassiterite, 
Rutile,  Zircon,  Vesuvianite.  In  order  to  show  the  similarity  of 
tetragonal  to  isometric  forms,  the  same  triangular  table  is  given 
with  the  tetragonal  holohedral  forms: 


ooPflO 
ooPn 

Symmetiy,  1+2+2. 

Tetragonal  Hemihedrism. 

An  inspection  of  the  ditetragonal  pyramid  shows  that  one  half 
of  its  planes  may  be  selected  in  three  different  ways,  which  satisfy 
the  conditions  as  follows:  (1)  by  alternate  planes  producing  irape- 
zohedral  hemihedrism^  with  no  symmetry;  (2)  by  alternate  pairs 
of  planes  intersecting  in  the  principal  plane  of  s)nmmetry,  which  is 
called  pyramidal  or  paraUel-face  hemihedrism,  characterized  by  one 
principid  plane  of  symmetry;  (3)  by  alternate  octants  producing 
sphenoidal  or  inclined-face  hemihedrism,  which  has  two  secondary 
planes  of  symmetry. 

Trapezohedral  Hemihedrism, 

This  is  made  by  suppression  of  alternate  planes  of  the  most 
general  form,  with  the  extension  of  the  remaining  ones  until  they 
meet.  The  selection  and  suppression  of  planes  may  be  made 
clearer  by  numbering  the  planes  of  the  ditetragonal  pyramid  in 
order,  beginning  with  the  plane  in  the  upper,  front,  right-hand 
octant  which  intersects  the  a  axis  at  unity  and  following  around, 
theor  beginning  with  the  planes  of  the  lower,  front,  right-hand 
octant  in  the  same  order.    It  is  then  only  necessary  to  notice 
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between  which  planes  the  axes  emerge  and  cross  out  the  proper 
planes,  after  which  we  can  see  whether  the  conditions  of  hemihe- 
drism  are  satisfied. 


Tetragonal  Trapezohedron. 

•+c 
1       ^8X5^ 


•+c 
^8X5 
+a  •  +5»  -fl. 

^      10      K     12      ta 


7       ^ 
-6. 
14      H      16 


If  we  cross  out  alternate  planes  of  the  ditetragonal  pyramid,  the 
remaining  ones  satisfy  the  conditions,  and  their  extension  until 
they  intersect  will  produce  an  asymmetrical  form  bounded  by 
eight  similar  trapeziums  meeting  in  sixteen  edges  of  three  kinds: 
eight  polar  edges;  four  longer  and  four  shorter  basal  edges.  There 
are  ten  solid  angles  of  two  kinds:  two  tetrahedral  at  the  ends  of 
the  principal  axis;  and  eight  trihedral  over  the  faces  which  were 
suppressed.  There  will  of  course  be  two  such  forms  which  are 
similar  but  enantiomorphous,  and  are  called  right-  and  left-handed 

tetragonal  trapezohedrons.    Their  sjnnbols  are  — «— ri,T  and  — s-^iT, 

the  Greek  letter  t  being  used  to  denote  trapezohedral  hemihedrism. 
All  five  planes  of  S3mimetry  disappear  by  this  method  of  selec- 
tion. When  we  apply  this  method  of  choosing  to  the  other  holohe- 
drons,  we  find  that  they  do  not  yield  new  forms,  but  are  apparently 
holohedral  hemihedrons,  because  all  have  one  face  corresponding 
to  the  two  planes  of  the  ditetragonal  pyramid,  and  the  suppression 
of  one  portion  of  a  plane  with  the  extension  of  the  remaining  por- 
tion will  reproduce  the  original  face.  For  example,  mP  is  made 
from  wPn  by  the  merging  of  planes  1  and  2,  3  and  4,  etc.;  but  if 
we  cross  out  2,  as  we  did  to  get  the  trapezohedron,  and  extend  1, 
it  will  give  back  the  original  plane  as  follows : 


8 


ik^a^ 


n+6p 


10 


H      12 


IQ       14 


I^ft" 


15  "ie" 
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This  kind  of  hemihedrism  was  first  observed  on  minerals  in 
1896,  when  Prof.  Victor  Goldschmidt  of  Heidelberg  University, 
Germany,  described  it  on  the  Phosgenite,  (PbCl)2C03,  from  Monte 
Poni,  Sardinia.  Several  organic  salts,  however,  belong  here, 
such  as  Strychnine  Sulphate.    Summary: 


Symmetry,  0. 


Pyramided  or  ParaUelr-Face  Hemihedrism. 

This  is  produced  by  the  selection  of  alternate  pairs  of  planes 
which  intersect  in  the  principal  plane  of  sjrmmetry. 

Tetragonal  Pyramid  of  the  Third  Order. 

This  form  results  from  the  application  of  the  above  method  to 
the  ditetragonal  pyramid  as  follows: 


1) 


8 
11 


n 


5 
13 


11 


1 

15      116 


The  form  will  be  boimded  by  eight  isosceles  triangles,  and  does 
not  differ  geometrically  from  the  pyramids  of  the  first  and  second 
order,  which  differ  in  position  by  46®.  The  pyramid  of  the  third 
order  lies  in  an  intermediate  place  between  them,  which  is  governed 
by  the  exact  parameters  of  the  ditetragonal  pyramid  from  which  it 
is  derived.    There  are  two  such  forms  which  are  congruent.    Their 


,    ,           .  mPn        J      mPn 
s3anbols  are  H — ^n  and o~^' 

signify  parallel-face  hemihedrism. 


The  Greek  letter  n  is  used  to 


100 


GENERAL  AND  SPECIAL  MINERALOGY 


'  Tetragonal  Prism  of  the  Third  Order, 

This  is  produced  from  the  ditetragonal  prism,  since  each  of  its 
planes  corresponds  to  the  pair  of  planes  chosen  or  suppressed  on  the 
most  general  form  as  follows: 


1 

9 

k        8 

• 

10       11 

• 
• 

5 
18 

4          '^ 

• 

m     15 

i 

We  obtain  a  form  bounded  by  four  planes  which  differ  only  in 
position  from  the  prisms  of  the  first  and  second  order.  It  may  be 
regarded  as  an  infinitely  steep  pyramid  of  the  third  order.    There 

e^  "Ptl 

are  two  congruent  forms  with  the  following  symbols:  H — s"^ 

,     00  Pn 
and 2~-^- 

No  other  geometrically  new  forms  can  result,  as  can  be  seen  in 
the  case  of  the  pjrramid  of  the  first  order  from  the  following: ' 


1 

\ 

8 

5        1 

'   ^        ^ 

i 

» 

• 

<» 

9        1 

0 

11       18 

18      1 

i 

15       1 

3^ 

The  extension  of  the  uncrossed  planes  will  reproduce  the  sama 
form.  By  these  methods  of  selection  all  secondary  planes  of  sjrm- 
metry  disappear,  but  the  principal  plane  remains.  Minerals 
crjrstallizing  in  this  division  are  Stolzite,  Scheelite,  Wulfenite, 
and  the  Scapolite  group.    Summary: 
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Sphenoidal  or  Indinedrface  Hemihedrism. 

This  occurs  when  we  select  alternate  octants,  and  results  in  the 
disappearance  of  the  principal  plane  of  s)nQQmetry  with  the  secondary 
planes  which  furnish  the  lateral  axes,  but  the  two  intermediate 
planes  remain. 


Tetragonal  Scalenohedron. 

This  form  is  produced  by  applying  the  above  method  to  the 
ditetragonal  pyramid  as  follows: 


1 
-9- 


2 


-8 4r 

11     12 


5 
-18- 


6 
-14- 


15      16 


There  will  be  two  congruent  forms  bounded  by  eight  similar 
scalene  triangles  intersecting  in  twelve  edges  of  three  kinds:  four 
through  which  the  two  planes  of  symmetry  pass;  four  zigzag;  and 
four  shorter  ones  at  the  ends  of  the  principal  axis.  There  are  six 
solid  angles  of  two  kinds:  two  tetrahedral  at  the  ends  of  the  princi- 
pal axis,  and  four  tetrahedral  over  the  suppressed  octants.     The 


symbols  of  the  tetragonal  scalenohedrons  are+— ;^  #c  and 


mPn 


Tetragonal  Sphenoid. 

This  is  produced  from  the  pyramid  of  the  first  order,  which  is 
the  only  oUier  holohedral  form  having  its  planes  exclusively  in  a 
single  octant. 


1 


-9 — 1^ 


11     12 


48 14- 


16      16 


We  get  two  new  forms  which  are  congruent,  and  are  boimded  by 
four  isosceles  triangles  intersecting  each  other  in  six  edges  of  two 
kinds:  two  shorter  at  the  ends  of  the  vertical  axis;  and  four  longer 
zigzag  edges.    There  are  four  trihedral  angles,  in  which  the  two 
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kinds  of  edges  intersect  over  the  suppressed  octants.    There  will  be 

acute  and  obtuse  sphenoids  accordingly  as  the  vertical  axis  is 

longer  or  shorter  than  the  lateral  axes,  and  between  the  two  classes 

the  isometric  tetrahedron  will  stand  as, a  limiting  form.    The  S3rm- 

tnP  tnP 

bols  of  the  tetragonal  sphenoids  are  +-^f^  ai^d  — s-^*    Chalco- 

pjrrite  occurs  in  forms  belonging  to  this  kind  of  hemihedrism,  some- 
times occurring  alone,  as  the  sphenoid,  which,  since  the  axial  ratio 
of  c  :o  is  0.98525  : 1,  can  hardly  be  distinguished  from  the  tetrahe- 
dron.   Summary: 


Symmetry,  2>t  90**. 

Tetragonal  Tetartohedrigm. 

This  may  occur  through  the  simultaneous  development  of  two 
kinds  of  hemihedrism  on  the  same  individual,  but  has  not  been 
noticed  as  yet  on  natural  crystals,  although  it  may  be  found  at  any 
time.  There  are  two  possible  methods  of  selection  which  satisfy 
the  conditions.    All  tetartohedral  forms  are  devoid  of  symmetry. 

Trapezohedral  Tetartohedrism. 

This  is  made  by  the  combination  of  trapezohedral  hemihedrism 
(r)  and  sphenoidal  hemihedrism  (ic)  as  follows: 

1        "^     -9 4:'    5       ^     -^ ^ 

•  •  •  • 

^«t n-     H     12  ^  H     1^      >€l      16 

This  will  leave  the  planes  1  and  5  above,  with  12  and  16  below, 
which  will  satisfy  the  conditions  and  produce  a  form  bounded  by 
four  trapeziums,  and  will  resemble  the  trigonal  trapezohedron  of  the 
hexagonal  sjrstem,  except  that  it  has  four  faces  while  the  latter 
possesses  six. 
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Sphenoidal  T€iartohedri9m. 

This  kind  would  be  produced  by  the  combination  of  pyramidal 
(tt)  and  sphenoidal  (k)  hemihedrisms. 


i 


-4p-    11    n 


5 
4»- 


lj(-      15      IS 


This  would  leave  the  planes  1  and  5  above,  with  11  and  15  below, 
which  would  result  in  a  form  differing  from  the  hemihedral  sphe- 
noids only  in  position. 

Tetragonal  Hemimorphism. 

^     It  is  still  possible  to  combine  trapezohedral  (r)  and  pyramidal 
(;r)  hemihedrisms  as  follows: 


1 


If)    H     u     >a    n    X    18 


This  method  of  selection  results  in  the  suppression  of  all  the 
lower  planes,  and  in  the  retention  of  1,  3,  5,  and  7  above,  which 
does  not  satisfy  the  conditions  of  tetartohedrism,  since  the  vertical 
axis  must  be  cut  by  the  same  number  of  planes  at  each  extremity. 
However,  it  results  in  what  is  known  as  hemimorphism  in  the  direc- 
tion of  the  vertical  axis.  Examples  of  hemimorphism  have  been 
noticed  on  organic  compoimds. 


E.    Hexagonal  System. 

This  system  has  four  axes,  one  principal  at  right  angles  to  three 
equal,  interchangeable  lateral  axes  which  intersect  each  other  at 
angles  of  60*^  and  120®.  In  the  holohedral  forms,  there  is  one  hori- 
zontal principal  plane  of  s}rmmetry  at  right  angles  to  six  vertical 
secondary  planes  intersecting  each  other  at  angles  of  30®.  Only 
alternate  secondary  planes  are  crystallographically  equivalent  and 
interchangeable  as  in  the  tetragonal  system,  so  that  we  have  three 
axial  and  three  intermediate  planes  of  S3rmmetry  which  determine 
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the  position  of  the  three  lateral  and  three  intermediate  axes.  The 
principal  and  axial  planes  divide  the  space  within  the  crystal  into 
twelve  wedge-shaped  sectants  called  dodecarUs,  which  are  analogous 
to  our  previous  octants.  In  physical  characters,  the  tetragonal 
and  hexagonal  systems  cannot  be  distinguished.  There  are  also 
many  geometrical  relations  common  to  both.  These  similarities  are 
due  to  the  presence  of  a  principal  plane  of  symmetry  and  their  dif- 
ferences are  geometrical,  being  due  to  the  presence  of  a  third 
lateral  axis.  If  the  essential  differences  are  borne  in  mind,  it  will 
be  found  that  much  of  what  has  been  said  about  the  tetragonal 
system  will  be  found  applicable  to  the  hexagonal.  Practically 
every  tetragonal  form  has  its  analogue  in  the  present  system;  in 
which,  however,  hemihedrism  and  tetartohedrism  are  of  much 
greater  importance.  The  position  of  the  axes  was  first  suggested 
by  the  Frenchman,  Bravais,  who  lettered  them  Oj,  a,,  and  a,. 
Oj  is  placed  from  left  to  right,  the  right  extremity  being  +0,  and 
the  left  —  Oj.  With  this  axis  in  this  position,  since  they  intersect 
at  angles  of  60*^,  +ai,  in  looking  at  the  crystal,  will  be  on  our  left, 
while  —a,  will  be  on  our  right.  The  intermediate  axes  will  bisect 
the  angles  between  the  lateral  axes,  and  the  c  axis  will  of  course  be 
vertic^.  The  fundamental  hexagonal  form  is  one  which  cuts  the 
vertical  axis  and  two  contiguous  lateral  axes  at  their  imit  lengths.  It 
will  be  seen  that  such  a  form  must  have  its  planes  parallel  to  the 
third  lateral  axis,  and  must  therefore  have  the  following  symbol: 
a, :  oooj  :  —a, :  c.  One  of  the  lateral  axes  will  always  be  cut  at  its 
negative  extremity  and  must  therefore  bear  the  minus  sign,  so 
that  in  a  given  symbol  such  as  that  of  a  pyramid,  since  all  lateral 
axes  are  interchangeable,  each  in  turn  will  have  a  negative  sign. 
With  this  explanation,  we  will  disregard  the  minus  sign  in  writing 
the  various  symbols,  as  it  is  somewhat  awkward  to  write,  and  its 
strict  observance  would  involve  greater  care  and  considerable  time. 
The  ground-form  is  chosen,  and  the  axial  ratio  obtained  from  it 
as  in  the  tetragonal  S3rstem.  the  only  difference  being  that  the  one 
given  side  of  the  inscribed  right-angle  spherical  triangle  is  60® 

instead  of  45*^.    We  have  tg6=- ,  in  which  a  is  imity,  and  sin  6  = 

cot  ^Xtg  60®.  or  sin  60®= cot  ^Ztgfe,  accordingly  as  we  measure 
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the  interfacial  an^e  included  by  the  polar  edge,  X,  or  the  basal 
edge,  Z.  The  most  general  form  in  this  system  would  have  the 
symbol  ma^  :  a,  :  pa,  :  mc  but  since  the  three  lateral  axes  are  fixed 
in  their  mutual  inclinations  at  Wf,  the  intersectipn  of  two  of  them 
by  any  plane  at  distances  n  and  1  Irom  the  center,  determines  the 
point  of  intersection  on  the  third  lateral  axis  by  the  same  plane, 

as from  the  center.    The  proof  of  this  is  as  folloi%*s:  in  the 

figure  draw  PQ  making  an  equilateral  triangle,  then  PQ=a.  We 
will  let  the  cr3r8tal  plane  intersect  the  axis  —  a,  at  unity  and  a,  at  n 
and  then  it  \*t11  cut  Oj  at  the  unknown  distance  x.  Then  xa—a 
=(z— l)a.  We  have  two  similar  triangles,  RPQ  and  ROM,  which 
have  three  angles  equal  and  will  therefore  give  the  proportion 
xa  :na  \  :{x—\)a:a  which  when  divided  by  a  gives 

x:n  :  :x— 1  : 1 

x—nx—n 

n=nx—x 

n=x(n— 1) 

n 
x  = 


n-l 


Therefore  the  symbol  of  the  most  general  hexagonal  form  becomes 

na,:cu:  — -cu  :  mc   which  contains  the  two  variables  m  and  n. 
*    ^   n— 1^ 

It  is  customary  to  make  the  shortest  lateral  intercept  equal 'to 

unity,  so  that  n  varies  between  one  and  infinity.     If  the  shortest  of 

the  three  lateral  intercepts  be  assumed  as  unity,  and  the  intermedi- 

1% 
ate  one  designated  as  n,  the  largest  will  be 1 .    The  shortest  of 

H —  1 

any  three  finite  intercepts  must  be  intermediate  in  its  position 
between  the  other  two,  and  if  we  vary  the  position  of  any  plane 
about  its  shortest  intercept  so  that  its  parameters  on  the  other 

axes  have  different  values,  we  find  that  when  n=2, will  be 

'  n— 1 

*  fi 

equal  to  2,  and  that  when  n=l, wiD  equal  infinity,  so  that 
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the  limiting  values  of  the  lateral  parameters  are  n>l  and  <2, 

winie  r>2  and  <oc.    The  parameter  m  which  refers  to  the 

vertical  axis  varies  between  zero  and  infinit}'.  while  n,  the  inter- 
mediate lateral  panimeter,  as  we  have  ju^t  foimd,  varies  between 
one  and  two.  If  we  assign  these  limitiTig  values  to  one  or  both 
parameters,  we  will  derive  the  other  holohedral  forms  and  find 
there  are  altogether  but  seven  types  as  in  the  previous  s\'stems. 

Class  I.    Forms  with  two  variable  parameters. 

1.  m^n,  no, :  a, : a,  :  mc,  the  most  general  symbol. 

Class  II.    Forms  with  one  variable  parameter. 

2.  n = 1 ,  and  general  s>Tnbol  becomes  o^ :  a,  :  x  a,  :  mc. 

3.  n=2,    "        "  *'  "        2a,:a^:2a^:mc. 

4.  m=oo,  "        "  "  **       noi  :a,:  — -a,:  OCT. 

Class  III.    Forms  with  no  variable  parameter. 

5.  m=oo,  n=l,  general  sjmibol  becomes  01:02'-  ^o^  '-  ^<^- 

6.  m=oo,n=2,      "  "  ''       2a,:a^:2o^:  ooc. 

7.  m=0,    n=l,      "  "  "        0^:0,:  000,  :0c. 

Dihexagonal  Pyramid. 

The  most  general  form  has  a  symbol  which  is  capable  of  two 
permutations,  which  means  that  there  will  be  two  planes  in  each 
dodecant,  and  a  form  will  result  which  is  bounded  by  twenty-four 
similar  scalene  triangles  having  thirty-six  edges  of  three  kinds: 
twelve  longer  acute  polar  edges;  twelve  longer  obtuse  polar  edges; 
and  twelve  shorter  basal  edges.  There  will  be  fourteen  solid  angles 
of  three  kinds:  two  dodecahedral  at  the  ends  of  the  vertical  axis; 
six  tetrahedral  at  the  ends  of  the  lateral  axes;  six  tetrahedral  at 
the  extremities  of  the  intermediate  axes.     Inasmuch  as  one  of  the 

two  variable  lateral  parameters  n  and always  determines  the 

value  of  the  other,  it  is  only  necessary  to  write  one  of  them  in  the 
abbreviated  symbol,  and  Naumann  writes  the  smaller  of  the  two,  n, 
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idiich  can  never  have  a  value  greater  than  two.    The  symbok  of  the 

dihexagonal  pyramid  are  as  foDows:  Weiss,  (no, : a, : -a^ : mej ; 

Miller,  \hikl\ ;  Naumann,  mPn;  Dana,  Wrn.  It  will  be  seen  that 
the  Naumann  and  Dana  symbols  have  nothing  in  them  to  distin- 
guish hexagonal  from  tetragonal  forms. 

Hexagonal  Pyramid  of  the  Fmt  Order. 

This  form  is  obtained  by  giving  n  its  minimum  value,  unity,  so 
that  the  general  s3rmbol  becomes  a^ia^ioca^imc,  which  is  not 
capable  of  any  permutations,  so  that  there  must  be  one  plane  in 
each  dodecant.  The  form  will  be  bounded  by  twelve  similar 
isosceles  triangles  intersecting  in  eighteen  edges  of  two  kinds: 
twelve  similar  polar  edges;  and  six  similar  basal  edges.  There 
are  eight  solid  angles  of  two  kinds:  two  hexahedral  at  the  ex- 
tremities of  the  principal  axis;  and  six  tetrahedral  at  the  ends 
of  the  lateral  axes.  It  is  characteristic  of  all  hexagonal  pyramids 
of  the  first  order  that  the  lateral  axes  terminate  in  the  solid 
angles.    Symbols  are:  (aiia^:  ooo, : mc);  \hhOl\ ;  mP;  m. 

Hexagonal  Pyramid  of  the  Second  Order, 

This  is  obtained  by  giving  n  its  maximum  value,  two,  resulting 
in  the  symbol  2a, :  a, :  2a, :  mc,  which  is  a  form  differing  from 
the  first  order  pyramid  only  in  position,  by  an  angle  of  30®.  In 
all  second  order  pyramids  the  lateral  axes  terminate  in  the  middle 
of  the  basal  edges.  Symbols  are:  (2a,  :  a,  :  2a,  :  mc);  \khkl\ ; 
mP2;  mr2. 

As  in  the  tetragonal  s3nBtem,  those  pyramids  whose  m=l  are 
called  unit  pyramids,  and  their  symbols  will  be  Pn,  P,  and  P2.  If 
we  choose  one  as  the  fimdamental  form,  the  axial  ratios  of  the 
others  will  be  rational  multiples  of  it. 

Diheosagonal  Prism. 
We  obtain  this  form  by  assigning  to  m  its  maximum  value,  in- 
finity, resulting  in  the  symbol  no, :  a,  :    — ^Oj  :«>c,  which  is]^capable 
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of  two  permutations,  making  two  planes  in  each  dodecant;  but 
since  all  planes  are  parallel  to  the  vertical  axis,  there  will  be  twelve 
planes  instead  of  twenty-four.  There  will  be  twelve  edges,  alter- 
nately acute  and  obtuse,  in  the  middle  of  which  the  lateral  and 
intermediate  axes  will  terminate.  It  may  be  regarded  as  an  in- 
finitely steep  dihexagonal  p)rramid,  and  is  of  course  an  open  form. 

Symbols  are:  lna^:a^\-    ^OsioocJ;  \hikQ\\  ocPn;  t-n. 

Hexagonal  Prism  of  the  First  Order. 

This  results  when  n  is  given  its  least  and  m  its  greatest  possible 
limit,  and  will  be  a  form  boimded  by  six  planes,  all  parallel  to  the 
vertical  axis.  It  is  an  open  form,  and  is  a  pyramid  of  the  first  order 
with  an  infinitely  steep  c  axis.  In  all  hexagonal  prisms  of  the  first 
order,  the  lateral  axes  appear  in  the  edges,  while  the  interme- 
diate ones  terminate  in  the  middle  of  the  faces.  Symbols  are: 
(fl4:a,:ooa,:ooc);  {1100};  ooP;  I. 

Hexagonal  Prism  of  the  Second  Order. 

We  obtain  this  form  by  assigning  n  and  m  their  maximum  values, 
2  and  oo ,  which  results  in  a  six-sided  figure  diflfering  only  in  posi- 
tion by  an  angle  of  30°  from  the  prism  of  the  first  order.  In  all 
second  order  prisms  the  axes  appear  in  the  middle  of  the  faces. 
Symbols  are:  {2a^:a2:2a^:ooc);  {1210|;  ooP2;  t-2. 

Hexagorud  Basal  Pinacoid  or  Base. 

This  results  when  n  and  m  are  given  their  minimum  values  1 
and  0.  It  has  two  planes  parallel  to  the  principal  plane  of  sym- 
metry, which  are  limited  in  their  horizontal  extent  by  the  planes 
which  combine  with  them  to  close  the  form.  Symbols  are: 
(a, :  a, :  ooa, :  Oc) ;  {0001 1 ;  OP;  0. 

We  will  give  the  same  table  as  in  the  tetragonal  system  to  show 
the  limiting  forms  with  those  between  them,  as  well  as  the  relation 
of  the  different  ordei-s  to  each  other.  Forms  of  the  same  order 
make  parallel  edges,  while  those  of  different  orders  have  zigzag 
combination  edges. 
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FiretOrder  Forms,    OP P  — P  — mP  — ooP 

Dihexagonal  Forms,  OP Pn — Pn — mPn — ooPn 

Second  Order  Forms,  OP—  — P2— P2— mP2  — oo  P2 

All  the  above  types  may  and  do  occur  in  combination  with  each 
other.  However,  the  hexagonal  holohedral  forms  are  really  quite 
rare,  being  found  on  but  few  minerals  such  as  Beryl,  Pyrrhotite, 
and,  at  high  temperatures,  Tridjrmite.  In  this  system,  however, 
the  occurrence  of  partial  forms  reaches  its  maximum  development, 
so  that  most  hexagonal  minerals  are  cither  hemihedral  or  tetarto- 
hedral.  In  fact,  rhombohedral  hemihedrism  is  of  such  frequent 
occurrence  that  some  people  regard  it  as  a  distinct  system.  The 
triangular  sununary  of  holohedral  forms  in  the  hexagonal  S3rBtem 
is  the  following: 


Symmetry,  1+3+3. 

Hexagonal  Hemihedrism. 

There  are  three  ways  in  which  one  half  of  the  planes  of  the 
dihexagonal  pyramid  may  be  chosen,  so  as  to  comply  with  the 
conditions  of  hemihedrism,  and  which  correspond  to  the  three 
kinds  of  tetragonal  hemihedrism,  as  follows: 

(1)  by  the  selection  of  alternate  planes  producing  trapezohedral 
hemihedrism,  with  no  planes  of  sjmwnetry;  (2)  by  the  choosing  of 
alternate  pairs  of  planes  intersecting  in  the  principal  planes  of 
83anmetry  or  basal  edges  which  results  in  pyramidal  or  parallel-face 
hemihedrism,  characterized  by  one  principal  plane  of  S3nnmetry; 
(3)  by  the  selection  of  alternate  dodecants,  which  is  called  rhombo- 
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hedral  or  indined-face  hemikedrism,  which  possesses  three  inter- 
mediate planes  of  symmetry  making  angles  of  60°  with  each  other, 
while  the  axial  planes  have  disappeared. 

Trapezohedral  Hemihedrism. 
We  obtain  this  kind  by  taking  alternate  planes  of  the  dihexa- 
gonal  pyramid,  and  the  resulting  forms  are  devoid  of  symmetry.  It 
is  made  even  clearer  in  this  system  than  in  the  tetragonal  by  num- 
bering the  planes,  since  there  are  more  of  them,  and  the  forms  are 
therefore  more  complex.  We  begin  at  +ai  with  1,  going  around 
to  the  right  above,  and  starting  below  with  13  under  1. 

+c  • 

"a      9       ^      11       !«, 

20     X       22     '^      24 

Hexagonal  Trapezohedron. 
A  form  will  result  which  is  bounded  by  twelve  similar  trapezi- 
ums intersecting  in  twenty-four  edges  of  three  kinds:  twelve  longer 
polar  edges;  six  longer  zigzag  basal  edges  in  which  the  intermediate 
axes  terminate;  and  six  shorter  zigzag  basal  edges  in  which  the 
lateral  axes  appear.  There  are  fourteen  solid  angles:  two  hexa- 
hedral  at  the  ends  of  the  vertical  axes;  and  twelve  trihedral  made 
by  the  intersection  of  the  three  kinds  of  edges  over  the  suppressed 
faces.  The  two  forms  resulting  are  devoid  of  sjrmmetry  and  are 
therefore  enantiomorphous.  They  are  designated  as  right-  and 
left-handed  hexagonal  trapezohedrons  accordingly  as  the  right  or 
left  top  plane  of  the  front  upper  dodecant  which  is  between+a^ 
and  — ag  is  taken.  In  looking  at  the  right-handed  form  the  short 
zigzag  basal  edge  is  always  on  the  right,  and  inclined  downward 
toward  the  left,  while  in  the  left-handed  form  it  is  on  the  left 
and  inclined  downward  toward  the  right.     The  symbols  of  the 

hexagonal  trapezohedrons  are:  -y-r,T  and  Z,t.    It  is  evident 

that  mVn  only  will  produce  a  geometrically  new  form,  because  at 
least  one  plane  of  the  other  holohedral  forms  corresponds  to  two 
of  the  dihexagonal  pyramid,  and  the  suppression  of  a  part  of  a 
face  with   the  corresponding  extension  of  the  other  part  would 
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I 

reproduce  the  original  form.     This  kind  of  hemihedrism  has  as 
yet  not  bee  observed  on  minerals.    Summary: 


Symmetry,  0. 


Pyramidal,  or  ParaUelrFace  Hemihedrism. 
This  hemihedrism  results  from  the  selection  of  alternate  pairs  of 
planes  intersecting  on  the  principal  plane  of  synunetry  or  basal 
edges,  and  therefore  with  the  consequent  survival  of  the  prindpal 
plane,  but  destruction  of  all  secondary  planes  of  symmetry. 
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Hexagonal  Pyramid  of  the  Third  Order. 
A  twelve-sided  form  is  produced  which  differs  from  the  hexa- 
gonal pyramids  of  the  first  and  second  order  only  in  position,  being 
intermediate  since  the  lateral  axes  terminate  neither  in  the  basal 
angles  nor  at  the  centres  of  the  basal  edges,  but  at  some  point  in 
the  latter  on  one  side  of  the  centre  depending  on  the  value  of  the 
parameters.  There  will  be  two  congruent  forms  with  the  symbols 
mPn  ,  mPn 
"2" 


and- 


Hexagonal  Prism  of  the  Third  Order. 
This  is  derived  from  the  dihexagonal  prism  whose  planes  corre- 
spond to  the  pairs  of  planes  which  alternately  disappear  from  the 
dihexagonal  pyramid  to  produce  the  third  order  p3rramid,  as  will 
be  seen  in  the  following: 
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The  resulting  form  will  be  a  prism  bowided  by  six  planes  which 
differ  from  the  j&rst  and  second  order  prisms  in  the  same  manner  that 
the  third  order  pyramids  are  related  to  the  other  hexagonal  p>Ta- 
mids.    There  will  be  two  such  prisms  of  the  third  order  ^ith  the 

s3rmbolsH — tt"^  ^^^ o~^-     None  of  the  other    holohedral 

forms  will  produce  geometrically  new  forms  by  this  method  of  selec- 
tion, since  at  least  one  of  their  planes  corresponds  to  two  planes  of 
the  dihexagonal  forms.  Pyramidal  hemihedrism  has  been  observ-ed 
on  the  minerals  Apatite,  Pyromorphite,  Mimetite,  and  Vanadinite. 
Simmiary: 


Symmetry,  I. 

Rhombohedral,  or  Indinedr-Face  Hemihedrism. '\   \ 

This  kind  of  hemihedrism  results  from  the  selection  of  alternate 
dodecants,  and  can  only  be  applied,  with  new  forms  resulting,  to 
those  holohedrons  which  have  their  planes  exclusively  in  a  single 
dodecant.  By  this  method  of  selection,  the  principal  and  anal 
secondary  planes  of  symmetry  disappear,  while  the  intermediate 
planes  remain.  This  division  is  so  common  that  some  authors 
consider  it  as  a  separate  system. 

Hexagonal  SccUenohedran. 

This  form  results  by  the  application  of  the  above  methods  to 
the  dihexagonal  pyramid  as  follows: 

1         2       -8 4r-,      5         6    '  -? 8-      9        10     -44 4^ 

•  •  •  •  •  . 

-id U      15      16     -1^? 16-;   19      20    HH 9&-     23       24 

The  form  is  bounded  by  twelve  similar  scalene  triangles  intersecting 
in  eighteen  edges  of  three  kinds:  six  similar  shorter  acute  polar 
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edges  over  the  suppressed  dodecants;  six  similar  lower  obtuse 
polar  edges  through  which  the  three  intermediate  planes  of  sym- 
metry pass;  and  six  zigzag  basal  edges  in  the  middle  of  which  the 
axes  terminate.  There  are  two  kinds  of  solid  angles,  eight  in  all, 
as  follows:  two  hexahedral  at  the  ends  of  the  vertical  axis;  and 
six  tetrahedral  in  which  all  three  kinds  of  edges  meet  over  the  sup- 
pressed dodecants.  There  are  two  congruent  forms  that  may  be 
made  to  coincide  by  a  revolution  of  60®,  and  are  known  as  positive 
and  negative.  The  crystal  is  positive  when  the  longer  obtuse  polar 
edge  is  placed  in  front  above,  but  is  negative  if  the  shorter  acute 
polar  edge  is  in  front  above.    The  symbols  of  the  hexagonal  scale- 

,    ,                .  mPn        J    mPn 
nohedrons  areH — —k  and ^k, 

llexagofmd  Rhombohedron  of  the  First  Order. 

Each  face  of  a  hexagonal  pyramid  of  the  first  order  occupies  one 
dodecant,  and  will  therefore  produce  a  new  form  as  follows: 
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It  is  bounded  by  six  similar  rhombs  which  meet  in  twelve  edges  of 
two  kinds:  six  similar  polar  edges,  through  which  the  intermediate 
planes  of  symmetry  pass;  and  six  similar  zigzag  basal  edges,  in  the 
middle  of  which  the  lateral  axes  terminate.  There  arc  eight  solid 
angles  of  two  kinds:  two  trihedral  at  the  ends  of  the  principal  axis; 
and  six  trihedral  made  by  the  intersection  of  both  kinds  of  edges  over 
the  suppressed  dodecants.  There  are  two  such  forms  which  be- 
come coincident  by  the  revolution  of  either  through  an  angle  of 
60®  about  the  vertical  axis.  They  are  positive  when  a  face  is  in 
front  between  +a^  and  —  ag,  and  negative  when  a  polar  edge  is  in 
that  position.     The  symbols  of  the  hexagonal  rhombohedrons  of 

the  first  order,  or  simply  rhombohedrons,  are+  -^k  and — ^k, 

Rhombohedrons  may  have  their  polar  edges  more  or  less  acute 
than  their  lateral  edges,  in  which  case  the  former  are  known  as  acute 
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while  the  latter  are  obtuse  rhombohedrons.  The  limiting  form 
between  these  two  kinds  of  rhombohedrons  would  have  all  its 
twelve  edges  similar,  and  would  be  derived  from  a  hexagonal  pyra- 
mid of  the  first  order,  whose  axial  ratio  c  :  o  is  1.2247  : 1.  The 
interfacial  angles  of  such  a  form  would  be  90°,  and  it  would  there- 
fore not  differ  geometrically  from  a  cube.  No  other  holohedrons 
furnish  new  forms  because  their  planes  do  not  occur  exclusively 
in  a  single  dodecant. 

Rhombohedrons  and  scalenohedrons  are  of  such  conunon  occur- 
rence on  minerals  that  a  system  of  abbreviated  symbols,  which 
has  come  into  general  use,  was  suggested  for  them  by  Naumann. 
Rhombohedrons  are  denoted  by  the  capital  letter  R,  which  is  pre- 
ceded by  the  vertical  parameter  of  the  hexagonal  pyramid  of  the 
first  order  from  which  they  are  derived.  Only  negative  rhombo- 
hedrons are  distinguished  by  a  sign,  all  others  being  considered 
positive.  Thus  R  is  the  positive  rhombohedron,  which  is  derived 
from  the  fundamental  unit  pyramid  P,  so  that  R  is  equivalent  to 

p 
+  — «;   iR  is  from  JP;   while  —  JR  results  from  ^P. 

The  abbreviated  symbols  of  scalenohedrons  are  formed  upon 
a  different  principle.  In  every  scalenohedron  it  is  possible 
to  inscribe  a  rhombohedron  whose  zigzag  basal  edges  will  coin- 
cide with  those  of  the  former.  This  is  called  the  ^^rhombo- 
hedron of  the  middle  edge^/'  and  it  is  evident  that  many 
scalenohedrons  may  have  the  same  lateral  edges,  and  that  we 
may  regard  these  series  as  derived  from  the  same  rhombo- 
hedron of  the  middle  edges  by  increasing  the  length  of  its  vertical 
axis  by  rational  quantities,  and  then  joining  the  extremities  of 
this  axis  to  the  basal  angles  of  the  rhombohedron.  Naumann 's 
symbol  for  the  scalenohedron  consists  of  m'R,  which  is  the 
symbol  of  the  rhombohedron  of  the  middle  edges  followed  by  an 
exponent,  n\  to  indicate  by  what  quantity  its  semivertical  axis 
(l/2c)  is  to  be  multiplied.  In  the  expression  m'R^',  m'  and  n'  are 
different  quantities  from  the  m  and  n  of  the  dihexagonal  p)n'amid 
viPn  of  which  the  scalenohedron  is  the  hemihedral  form.  In  order 
to  transform  one  set  of  symbols  into  the  other,  it  is  necessary  to 
know  the  relations  between  them.    The  parameter  symbol  of  the 
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rhombohedroQ  of  the  middle  edges  belonging  to  a  scalenohedron 

derived    from    na^ic^:  ~  —d^imc    is    ajro^:  ooo,:  — ^^ -c;  so 

that  the  symbol  m'R  expressed  in  terms  of  the  parameters  of  its 

m(2-n)p 

corresponding  scalenohedron  becomes .     Any  particular 

one  of  the  more  or  less  acute  scalenohedrons  having  this  same 
rhombohedron  of  the  middle  edges  is  denoted  by  the  exponent  n', 
the  value  of  which  is  governed  by  m,  which  is  the  vertical  param- 
eter of  the  mPn  from  which  the  scalenohedron  is  derived,  and  is 

expressed  as  follows:  n'= — ,.    To  obtain  the  shortened  symbol 

m 

from  the  original  one,  ±— « — '  ^®  have: 

n 

m 


m' 


and  for  the  reverse  change: 


2n' 
Suppose  we  have  4P^  to  find  m'R**' 

n'=f=2 

so  that  the  abbreviated  symbol  is  2R';  while  for  the  reverse  trans- 
formation 

m=2x2=4 
2X2     , 

"=rT2=* 

giving  4P^.  Dana  has  still  further  abbreviated  the  Naumann 
sjrmbols  by  omitting  the  R  except  in  the  case  of  the  fimda- 
mental  rhombohedron,  so  that  -JR  becomes  simply  -|;  2R=2; 
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2R'=2';  R*  =  l*.    We  also  have  the  foUowmg  formulae  for  trans- 
forming the  indices  into  the  abbreviated  Naumann  symbol: 

2k- h 


m'=- 


n  =z 


2k-h 
and  to  reverse  the  change: 

A=2n',  t=n'-l,  *=n'+l,  1= —,. 

m 

The  pyramid  4P|  has  the  indices    \hikl\   in  the  order  J4131},  so 

6—4  4 

that  we  have  m'=  — —  =2:  n'=  - — ,  =2,  or  2R',  and  the  reverse 
1  o— 4 

gives  A=2x2,or  4;  i=2-l,orl;  ik=2+l,  or  3;  ^  =  |,  or  1,  giving 
|4131|. 

Combinations  of  these  hemihedral  forms  with  each  other,  and 
with  the  apparently  holohedral  fonns,  are  very  frequent,  and  are 
sometimes  rather  difficult  to  decipher,  so  that  the  most  frequent 
combinations  should  be  mentioned.  A  rhombohedron  has  its 
polar  angles  blunted  by  another  rhombohedron  of  the  same  sign 
with  their  combination  edges  parallel.  Rhombohedrons  of  oppo- 
site signs  occur  on  the  polar  edges  of  a  given  rhombohedron  with 
zigzag  combination  edges,  and  a  rhombohedron  has  its  polar  edges 
symmetrically  truncated  by  a  rhombohedron  of  opposite  sign  and 
one  half  its  vertical  parameter.  In  such  ca*^os,  the  rhombohedron 
which  is  truncated  is  called  the  ''next  acute"  ((jcnnan,  niichst 
spitzere),  while  the  truncating  one  Is  called  the  "next  obtuse" 
(German,  nachst  stumpfere).     Thus  in  the  series 

+  y'  R,  -»R,  -fiR,  -iR,  H-R,  -2R,  +4R,  -8R,  -M6R, 

any  one  will  symmetrically  truncate  the  rhombohedron  on  its  right 
(next  acute),  but  in  turn  be  symmetrically  truncated  by  the  one 
on  the  left  (next  obtuse),  to  which  however  it  will  be  the  next  acute 
rhombohedron.  A  scalenohedron  has  its  polar  angles  replaced  by 
its  rhombohedron  of  the  middle  edges  with  the  same  sign  and  with 
its  basal  edges  parallel  to  those  of  the  scalenohedron.  Positive 
rhombohedrons  occm-  on  the  obtuse,  and  negative  ones  on  the 
acute,  polar  edges  of  a  scalenohedron.     A  prism  of  the  first  order 
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truncates  the  basal  angles  of  a  rhombohedroii,  three  faces  belong- 
ing to  the  three  upper  planes  of  the  rhombohedron,  and  three  to  the 
lower  set  of  planes,  on  which  account  the  symbol  is  written  ooR 
instead  of  oo  P.  The  prism  of  the  second  order  truncates  the  basal 
edges  of  a  rhombohedron,  but  is  not  divided  into  two  sets.  The 
basal  pinacoid  in  combination  with  rhombohedral  hemihedral 
forms  has  the  symbol  OR  instead  of  OP.  Minerals  crystallizing  in 
this  division  are  very  common,  such  fl;s  Calcite,  Quartz,  Tourma- 
line, Conmdum,  Proustite,  Pyrargyrite,  Cinnabar,  Arsenic,  Anti- 
mony, Bismuth,  and  Tellurium.     Summary: 


Symmetry,  3  at  60°. 
Hexagonal  Tetartohedrism. 
In  tetartohedrism,  as  in  hemihedrism,  we  find  the  maximum 
development  in  this  system.  Here,  as  in  the  previous  systems, 
we  may  suppose  tetartohedrism  to  result  from  the  simultaneous 
application  of  two  diflferftit  kinds  of  hemihedrism  to  the  sam6 
crystal.  There  are  only  two  combinations  which  satisfy  the  con- 
ditions, as  follows:  (1)  is  a  combination  of  trapezohedral  (t) 
and  rhombohedral  (/c)  hemihedrisms,  which  is  known  as  trapezo- 
hedral  tetartohedrism  (t^);  (2)  is  a  imion  of  rhombohedral  (/c)  and 
P3rramidal  (tt)  hemihedrisms,  which  is  called  rhombohedral  tetarto- 
hedrism (kt:).  By  the  application  of  either  of  these  methods,  all 
the  original  planes  of  symmetry  disappear.  Although  some  of  the 
forms  may  have  planes  of  symmetry  of  their  own,  they  have  none 
of  the  ones  possessed  by  the  holohedral  forms. 

Trapezohedral  Tetartohedrism. 
This  is  produced  by  the  combination  of  trapezohedral  and  rhom- 
bohedral hemihedrisms,  and  is  understood  best  by  numbering  the 
planes  of  the  most  general  form,  as  has  been  done  in  the  previous 
cases. 
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Trigonal  Tra-pezohfdrcm. 

Tfus  form  results  from  the  dihexagunal  p\Tamid: 

1        "S^      -3 4-       5        6    '  ^ ^       9      la     ^i ^ 

•  •  •  •  •  . 

^^ 1+      15      16     ^5 i*^^^      20    "^H: 2^^       %i 

There  remain    (above)      15  9 

(below)  16  20  24 

We  will  also  secure  the  same  result  if  we  select  half  the  faces  of  a 
hexagonal  scalenohedron  by  the  trapezohednd  method,  or  half  the 
faces  of  a  hexagonal  trapezohedron  by  the  rhombohedral  mode  of 
choice.  The  result  will  be  an  as3rmmetrical  bodyboimded  by  six 
similar  trapeziums  meeting  in  twelve  edges  of  three  kinds:  six  polar 
fflges;  three  longer  and  three  shorter  zigzag  basal  edges,  the  lateral 
axes  terminating  in  front  in  a  longer,  and  in  the  rear  in  a  shorter 
edge,  or  vice  versa.  There  are  eight  solid  angles  of  two  kinds:  two 
tetrahedral  at  the  ends  of  the  vertical  axis,  and  six  trihedral  formed 
by  the  intersection  of  the  three  kinds  of  edges.  There  will  be  four 
such  trigonal  trapezohedroas,  those  developed  from  the  same  dode- 
cant  Ijeing  enantiomorphous,  while  to  each  of  these  will  be  a  congru- 
ent form  developed  from  the  contiguous  dodecant.  To  take  a 
concrete  example:  if  the  plane  1  remains  it  makes  the  positive 
left-handed,  while  if  2  remains,  it  makes  the  positive  right-handed 
fonn,  the  two  making  one  enantiomorphous  pair.  If  plane  4  is 
scflocted  it  produces  the  negative  right-handed,  while  plane  3 
makes  the  negative  left-handed  form,  the  two  forming  the  second 
enantiomorphous  pair.  The  two  right-handed  ones  are  congruent, 
as  are  also  the  two  left-handed  forms.  In  the  righ1>-handed 
fomus  the  smaller  zigzag  basal  edge  is  always  on  the  right  as 
we  look  at  the  crystal,  and  in  the  positive  one,  -f  Oj  terminates  in 
the  longer  basal  edge  in  front,  and  shorter  one  in  the  rear,  while— a, 
ends  in  the  shorter  edge  in  front,  and  longer  in  the  rear;  in  all  left- 
handed  forms  the  smaller  basal  edge  is  on  the  left  and  in  positive 
forms  contains  the  front  termination  of  +^1, while  —abends  in  the 
long(»r  front  basal  edge.  The  union  of  a  right-handed  and  left- 
handed  quarter  form  would  produce  a  scalenohedron  with  three 
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planes  of  symmetry,  while  a  oombination  of  two  rights  or  two  lefts 
would  form  respectively  a  right-  or  left-handed  hexagonal  trapezo- 
hedron  with  no  Sjrmmetry.  The  sjrmbols  of  the  trigonal  trapezo- 
hedrons  are  as  follows: 

f      mPn 

Congruent  pair  <  ^^Enantiomorphoiis  pair. 

I       wiPn  / 


Congruent  pair  ] 


r      mPn ,      ,      > 
ir  ^  1 


mPn 


Enantiomorphous  pair. 


l,KZ^ 


DitrigoTud  Prism. 

This  results  from  the  survival  and  extension  of  the  planes  of 
the  dihexagonal  prism  which  correspond  to  those  of  the  pyramid 
formed  above.  The  planes  1  and  13  of  the  dihexagonal  pyramid 
are  merged  into  one  plane  of  the  prism  as  follows : 


1 


-e- 


16 


There  remain: 


i 
16 

5 

H 


^ 


4*- 


34 


90 

9 

* 

94 


When  extended  these  planes  will  form  a  prism  bounded  by  six 
planes  intersecting  in  edges  which  are  alternately  acute  and  obtuse, 
which  will  easily  be  seen  from  the  positions  of  the  remaining  planes 
in  the  above  diagram,  as  the  obtuse  edges  must  occur  where  two 
planes  remain  contiguous  to  each  other,  while  the  acute  edges  are 
formed  over  the  two  suppressed  faces.  There  \it11  be  two  such 
dltrigonal  prisms  which  differ  only  in  position.    In  the  above  dia- 
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gram,  the  left-handed  one  has  been  selected  with  plane  1  above. 
Their  symbob  are  ^^r,  kt  and  °^l,  kt. 


Ingonal  Pyramid.  ^ 

This  form  is  produced  by  applying  the'same  method  of  selection 
to  the  hexagonal  pyramid  of  the  second  order,  which  is  made  by  the 
merging  of  planes  1  and  12,  13  and  24  with  the  axes  terminating  in 
the  middle  of  the  basal  edges  as  follows: 


^     -8- 


^^fik M-     ^        16     4;^: 


^       5 


id     ^       20     ^ 
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-ee-  ^1 


-^ 


24 


There  remain: 
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The  form  retains  a  portion  of  three  of  its  alternating  upper  planes 
as  well  as  a  portion  of  those  faces  immediately  below  them,  so  that 
their  extension  results  in  a  solid  bounded  by  six  similar  isosceles 
triangles  meeting  in  nine  edges  of  two  kinds:  six  similar  polar 
edges  and  three  horizontal  basal  edges.  There  will  be  a  congruent 
pair  of  these  trigonal  pyramids  corresponding  to  the  alternating 
sets  of  pyramidal  planes,  the  retention  of  plane  1  producing  the 
loft,  while  plane  2  would  form  the  right-handed  form.    Their 


I    1  ^^ 

symbols  are  — T"^f 


KT  and  —T-lf  /cT. 


Trigonal  Prism. 


This  torm  is  obtained  from  the  hexagonal  prism  of  the  second 
^rdar,  which  is  merely  a  special  case  of  the  second-order  pyramid 
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where  the  basal  edges  have  become  180®.  We  may  therefore  regard 
it  as  a  trigonal  prism  whose  basal  edges  have  become  180°,  and 
where  two  planes  of  the  p3rramid  are  merged  into  one  of  the  prism 
as  follows: 


•] 


16 


20 


The  resulting  solid  will  be  bounded  by  three  planes,  and  there  will 
be  two  congruent  forms  as  in  the  trigonal  pyramid.    The  symbols 

ooP2  ooP2 

of  the  trigonal  pnsm  are  —r — r,  kt  and  —r-ly  'ff- 

The  same  mode  of  selection  when  applied  to  the  hexagonal 
pyramid  of  the  first  order  yields  a  positive  and  negative  rhombohe- 
dron  of  the  first  order,  which  are  not  further  modified  in  form  by 
becoming  tetartohedral.  The  two  remaining  holohedral  forms, 
viz.,  first-order  prism  and  base,  suflfer  no  geometrical  change  what- 
ever on  becoming  tetartohedral.  Trapezohedral  tetartohedral 
forms  may  also  be  regarded  as  the  product  of  hemimorphism  in 
the  direction  of  the  lateral  axes,  since  we  found  that  each  lateral 
axis  terminates  diflferently  at  each  extremity.  Like  other  hemi- 
morphic  minerals,  they  develop  different  kinds  of  electricity  on 
heating.  Their  imsynmietrical  molecular  structure  results  in  enan- 
tiomorphism,  which  causes  them  to  show  circular  polarization. 
Minerals  which  belong  to  this  division  are  Quartz  and  Cinnabar. 
Summary: 


«*P,  r,  A  KT 


Symmetry,  0. 
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Rhombohedral  Tetartohedrism. 

This  kind  of  tetartohedrism  (ior)  results  from  the  combination 
of  rhombohedral  (#c)  and  pjrramidal  (tt)  hemihedrisms.  These 
fonns  have  symmetry  of  their  own,  but  the  planes  of  S)m[imetry  of 
the  hexagonal  holohedrons  are  not  present. 


Rhombohedron  of  the  Third  Order. 

We  obtain  this  form  by  the  application  of  the  above  methods  of 
selection  to  the  dihexagonal  pyramid  as  follows: 
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There  remain  (above) 
(below 


1  5  9 

16  19  23 


These  planes  remain  in  the  alternate  dodecants  so  that  where  an 
edge  appears  above  there  will  be  a  face  below  it,  and  vice  versa. 
When  the  surviving  planes  are  produced  until  they  intersect,  we 
obtain  a  form  which  does  not  differ  from  a  hemihedral  rhombo- 
hedron except  in  position  with  regard  to  the  axes,  each  lateral  axis 
terminating  in  one  side  of  each  of  the  faces  and  not  in  the  middle 
of  the  basal  edges,  as  do  the  axes  of  a  hemihedral  rhombohedron. 
There  are  four  such  third-order  rhombohedrons,  which,  however,  are 
not  enantiomorphous,  and  may  all  be  made  to  coincide  by  a  revolu- 
tion which  depends  upon  the  value  of  the  parameter  n.    To  show 

that  the  forms  are  not  enantiomorphous  we  use  the  expressions 

r         I      . 

r  and  —  to  indicate  which  planes  remain  above  and  which  below.  If, 

I         r  ^ 

as  in  our  diagram,  plane  1  remains  above,  then  15  remains  below, 

I 
which  leaves  a  plane  on  the  left,  above,  and  right,  below,  - ,  in  the 

positive  dodecant.  On  the  other  hand  if  2  remains  above,  24  will 
remain  below,  which  will  have  the  positions  right,  above,  and  left, 

I" 
below,  y ,  also  in  the  positive  dodecant.    If  plane  3  remains,  it  will 
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be  -.  and  if  pbae  4  remains,  it  will  be  y  in  the  negative  dodecant. 
Their  ejwbcis  are  therefore: 


mPn  r 


4     l' 

iDT 

mPn  I 
4    >' 

iDT 

mPn  r 
4    •/ 

IDT 

mPn  I 
4     r' 

JDT 

Rhombohednm  of  the  Second  Order, 

This  form  is  obtained  by  applying  this  method  of  tetartohedrism 
to  the  hexagonal  pyramid  of  the  second  order  as  follows: 
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J^'^H 
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(below) 


15 


19 


23: 


When  these  six  planes  are  extended,  they  also  produce  a  rhombohe- 
dron  which  differs  from  a  hemihedral  one  only  in  position.  They 
stand  with  relation  to  the  intermediate  axes  just  as  the  hemihedral 
ones  stand  with  reference  to  the  lateral  axes,  that  is  to  say,  the 
intermediate  axes  terminate  in  the  middle  of  the  basal  edges  while 
the  lateral  axes  end  in  the  faces  at  a  point  in  a  line  drawn  from  the 
middle  of  a  basal  edge  at  one  side  of  the  face  to  the  corresponding 
point  on  the  other  side  of  the  face  where  this  line  in  turn  is  inter- 
sected by  the  vertical  line  drawn  through  the  diagonal  of  the  face. 
A  rhombohedron  of  the  second  order  will  coincide  with  one  of  the 
first  by  a  revolution  of  either  through  an  angle  of  30°  about  the 
vertical  axis.     There  are  two  congruent  rhombohedrons  of  the 

second  order  with  the  S3rmbo]s  -r— -p  for  and  — j ,  /or. 
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Rhowbohedron  of  the  First  Order, 

If  this  method  of  selection  is  applied  to  the  hexagonal  pyramid 
of  the  first  order,  we  still  obtain  the  same  effect  as  in  rhombohedral 
hemihedrism,  namely,  two  rhombohedrons  of  the  first  order  in 
which  the  axes  terminate  in  the  middle  of  the  basal  edge.  This  is 
not  a  geometrically  new  form,  but  since  its  molecular  structure  is 
asymmetric  when  produced  by  tetartohedrism,  its  symbols  will  be 
mP  r  ,  mP  Z 

The  other  holohedrons  do  not  yield  geometrically  new  forms  by 
this  method  of  selection.  The  dihexagonal  prism  forms  two  prisms 
of  the  third  order  as  in  pyramidal  hemihedrism,  while  the  prisms  of 
first  and  second  order,  and  base  retain  their  original  number  of 
faces.  Minerals  occurring  in  this  division  are  Dioptase,  Phenacite, 
Dolomite,  Ilmenite,  and  possibly  Magnesite  and  Willemite.  Sum- 
mary: 


4  •T'r'  ** 


Sjrmmetry,  0. 


Hexagonal  Uemimorphism, 

There  is  still  another  way  of  combining  two  kinds  of  hemihe- 
drism, namely:  trapezohedral  (t)  and  pyramidal  (;r).  This  does 
not  satisfy  the  conditions  of  tetartohedrism,  but  results  in  a  hemi- 
morphism  in  the  direction  of  the  vertical  axis,  as  will  be  seen  from 
the  following: 
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Hemimorphism  Ls  quite  common  in  the  hexagonal  system,  and 
as  it  generally  occurs  on  crystals  which  are  also  rhombohedral,  they 
may  be  considered  as  showing  all  three  kinds  of  hemihedrism  at  the 
same  time.  Examples  of  such  minerals  are  Tourmaline,  Proustite, 
P>Targyrite,  Greenockite,  and  Wiulzite.  Hemimorphism  in  the 
direction  of  the  vertical  axis  produces  the  same  result  on  holohedral, 
trapezohedral,  and  p3rramidal  hemihedral  crystals.  Examples  of 
holohedral  hemimorphbm  are  Zincite  and  possibly  Nephelite. 

F.    Orthorhombic  System. 

This  system  embraces  all  forms  w^hich  are  referable  to  three 
unequal  axes  at  right  angles  to  each  other.  The  holohedral  forms 
have  three  secondary  planes  of  symmetry  at  right  angles,  none  of 
which  are  interchangeable,  which  divide  space  into  eight  octants. 
The  orthorhombic  system  is  the  first  of  those  which  possess  no 
principal  plane  of  symmetry  and  therefore  no  principal  axis,  so  that 
any  one  of  the  three  axes  may  be  made  the  vertical  axis.  It  is 
customary,  however,  to  choose  the  direction  to  which  most  planes 
are  parallel,  or  a  direction  distinguished  by  cleavage,  or  some  other 
property.  This  is  the  i  axis,  which  is  written  with  a  perpendicular 
mark  over  it.  It  is  further  customary  to  place  the  longer  of  the 
two  remaining  axes  in  such  a  position  that  it  will  run  from  right 
to  left.  This  is  the  h  axis,  written  w^ith  a  long  sign,  and  is  called 
the  macrodiagonal  or  macro  axis.  The  shorter  axis  nms  from  front 
to  rear  and  is  known  as  the  brachydiagonal,  or  brachy  axis  &,  written 
with  a  short  sign.  No  single  form  in  this  system  can  be  bounded  by 
more  than  eight  planes,  since  none  of  the  axes  are  interchangeable, 
and  therefore  no  permutations  are  possible  in  the  parameter  s3rmbol 
of  the  most  general  form.  This  fact  causes  all  orthorhombic  pyra- 
mids to  be  alike  in  the  number  and  distribution  of  their  planes, 
which  are  always  similar  scalene  triangles.  Any  p3rramid  may  be 
chosen  as  the  fundamental  or  groimd-form,  but,  according  to  imi- 
versal  usage,  one  is  chosen  which  occilts  most  frequently,  or  is  most 
prominent,  or  marked  by  some  peculiar  physical  property.  The 
axial  ratio  is  calculated  from  this  form ;  but  since  all  axes  are  unequal, 
a  double  ratio  becomes  necessary  in  which  the  length  of  the  macro 
axis,  6,  is  assiuned  as  unity,  so  that  we  have  the  two  irrational  quo- 
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.         a      ^6 
tients  J  and  ?-,  which  are  known  as  the  crystallographic  constants  of 

the  system.  In  the  pjo-amid  selected  as  the  ground-form  it  is 
necessary  to  measure  two  angles  instead  of  one,  as  in  the  tetragonal 
and  hexagonal  systems.  We  choose  the  polar  (Y)  and  basal  (Z) 
edges  terminating  at  the  end  of  the  macro  axis  because  these  inter- 
facial  angles  give  us  the  ratio  with  the  least  amount  of  calculation. 
It  is  possible  to  inscribe  in  the  cr3r8tal  a  right-angled  spherical  tri- 
angle whose  two  angles,  JY  and  iZ,  are  known,  and  whose  right 
angle  is  the  inclination  of  the  horizontal  plane  of  S3nnmetry  to  the 
one  running  from  right  to  left.  In  this  spherical  triangle  we  wish 
to  know  the  side  b  which  is  the  inclination  of  the  polar  edge  Y  to  the 

i 
h  axis,  and  whose  tangent  is  r ;  one  of  the  desired  ratios.    In  the 

same  spherical  triangle  we  also  wish  to  determine  the  side  a  which 
is  the  inclination  of  the  basal  edge  Z  to  the  6  axis,  and  whose  tangent 

.  a  z 

18  f-,  the  other  ratio.  Using  Napier's  Rules  we  choose  -  as  the  middle 

Y 

part,  in  which  case  —  and  6  will  be  the  opposite  parts,  and  we  have 

the  following  equations: 


z 

COS  2- 

•   Y      . 
= sin -cos  0 

«»2 

oosb- 

■  .    Y 
Bm-2 

■  p,  in  which  h 

0 

tgfc- 

is 

unity. 

y  z 

To  obtain  the  other  ratio  we  choose  ^  as  the  middle  part,  with  — 

and  a  as  the  opposite  parts  in  the  equation: 

Y     .   Z 

cos^«=smr-coB  a, 
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Y 

cos  2 

cosa= 


Z 
sin- 


tg  a=  r-,  in  which  6  is  unity. 

No  matter  what  pyramid  is  selected  as  the  gromid-form,  the  inter- 
cepts of  all  planes  on  the  same  crystal  on  the  brachy  axis  will  be 

d 
rational  multiples  of  the  quotient  •-,  and  the  intercepts  of  all  planes 

i 
on  the  vertical  axis  will  be  rational  multiples  of  the  quotient  t-. 

The  pyramid  which  is  assumed  as  the  groimd-form  will  cut  all  axes 
at  their  unit  lengths  &:h:6j  but  it  is  important  to  remember  that 
these  unit  lengths  are  all  different.  For  example,  in  the  case  of  the 
mineral  Aragonite  the  unit  lengths  of  d  :h  :i  are  0.622444  : 1 : 
0.720560.  The  most  general  orthorhombic  symbol  is  n&  :h  : mi, 
which  is  capable  of  no  permutations,  and  can  only  represent  an 
eightHsided  pyramid  essentially  Uke  the  ground-form.  This  form 
will  be  different  from  &  :nb  :  mi,  where  n  refers  to  the  macro  axis, 
as  the  lateral  axes  are  not  interchangeable.  It  is  customary  to 
make  the  lesser  of  the  two  lateral  parameters  unity,  so  that  the 
limiting  values  for  n  are  one  and  infinity,  and  for  m  zero  and  infinity 
as  in  the  tetragonal  system.  Since  n,  however,  refers  to  either  of  the 
lateral  axes,  a  considerable  nimiber  of  form-types  will  result,  which 
fall  into  three  general  classes:  p3a'amids,  prisms,  and  pinacoids. 
The  p3rramids  all  have  eight  faces  and  are  the  only  closed  forms  in 
the  system.  The  faces  are  scalene  triangles,  and  intersect  in  twelve 
edges  of  three  kinds  with  three  kinds  of  solid  angles.  It  is  usual  to 
distinguish  three  kinds  of  pyramids  according  to  which  lateral 
axis  the  parameter  n  refers,  or  whether  they  are  both  unity.  In 
the  latter  case,  they  are  unit  pyramidSj  while  in  the  former  they 
are  either  macro-  or  brachy-pyramids.  Prisms  are  forms  bounded 
by  four  planes  having  one  direction  open.  To  the  prismatic  type 
belong  forms  going  parallel  to  either  of  the  lateral  axes.  These  are 
known  as  domes,  and  they  are  designated  as  macro-  and  brachy- 
domea  according  to  the  direction  which  is  open.    All  orthorhombic 
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pinacoids  have  two  faces,  and  are  open  in  two  directions.  They 
are  known  as  basal,  macro-  and  brachypinacoid.  The  macro- 
pinacoid  goes  parallel  to  the  macro  as  well  as  the  vertical  axis, 
while  the  brachypinacoid  is  parallel  to  the  brachy  and  vertical 
axis.  According  to  the  values  of  the  lateral  parameters  we  obtain' 
three  rows,  or  zones,  the  unit,  brachy-  and  macrodiagonal  rows, 
which  contain  different  forms  from  the  variation  of  the  vertical 
parameter  m.  Forms  belonging  to  the  same  row  have  parallel 
edges,  and  make  what  is  called  a  zone. 

UnU  or  Fundamental  Bow. 
This  embraces  a  series  of  forms  both  of  whose  lateral  parameters 
are  unity.    To  this  row  the  ground-form  belongs,  whence  the  name 
unit,  or  fundamental  row. 

{fi:h:6),     \ 111},    P,  Unit  pyramid. 
(1).  (tf  :  6  :  mt),  [hhl\,mP,  any  derived  orthorhombic  pyramid 
of  the  fimdamental  row. 

(2).  {&:h  :oo<!),  jUO},  ooP,  Unit  prism. 

(3).  (4:6:  (M),  {001 } ,  OP,    Basal  pinacoid  or  Base. 

Brachydiagonal  Raw. 

This  is  situated  on  one  side  of  the  imit  row,  and  contains  the 
most  general  symbol  in  which  n>l  and  refers  to  the  brachy  axis, 
about  which  the  edges  will  be  more  acute  than  the  edges  about 
the  macro  axis.    We  have: 

(4).  (nd  :b  imi),  \hkl\,  where  h<k,  mP^l,  Brachypyramid. 

(5).  {nd:h:  ooi),  {hkO\,     "        "      ooPi^  Brachyprism. 

(cTJiS-w)'  ^^^^'  OP,  Basal  pinacoid. 

(6).  ( 00  A  :  6  :  wk5),  {OW} ,  mP* ,  Brachydome. 

(7).  (ood  :  h  :  00(5),  joioj,  ooPdb',  Brachypinacoid. 

Macrodiagonal  Row. 
This  zone  is  situated  on  the  other  side  of  the  unit  row  from  the 
brachydiagonal  forms,  and  also  contains  the  most  general  symbol 
in  which  n>l  and  refers  to  the  macro  axis  so  that  the  edges  about 
this  axis  are  more  acute  than  about  the  ends  of  the  brachy  axis. 
The  forms  obtauied  by  varying  the  parameters  in  this  zone  are  as 
follows: 
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(^).  (d  :nb  :  mi) ^\hkl\,  where h>k^  mPil,   MacropvraniicL 
(9;.  {&:rJb  :xi),  {A40},      "        "        xPn,  ilacroprism. 

(J  ;^  ;  [J^J .  {001 1 ,  OP,  Basal  pinacoid. 

(10).  (&  :x6  :mi),  jWM},  mPoo ,  ^lacrodome. 

(11).  (&  :xh  :x<5),  llOOJ,  x Pob ,  Macropinacoid. 

It  ^ill  be  seen  that  there  are  eleven  new  form-t^^pes  obtained, 
due  to  the  fact  that  the  three  axes  are  not  interchangeable.  In 
each  of  these  three  rows  or  zones  there  are  more  acute  and  obtuse 
fr^niLS  with  their  basal  edges  parallel,  and  their  relations  to  each 
other  as  well  as  the  relations  of  the  different  rows  to  each  other  may 
Ijc  seen  from  the  following,  which  however  must  be  different  from 
previous  tables  on  account  of  the  domes  and  pinacoids: 


Macrodiagonal  Row. 


OP  — 

m 

—  mPx  — xPob, 

OP- 

— Pn— Pn 

m 

—  mPn  —  xPn, 

0P-- 

— P    — P 

m 

—  mP    —  xP, 

0P~ 

m 

—  mVn  —  xP/l, 

Unit  or  Fundamental  Row. 


V  Brachydiagonal  Row. 


OP 


— Px  — Px— mPx— xP*, 


J 


There  are  a  ^eat  many  niiiicrals  crystallizing  in  this  system,  some 
of  which  are  Aragonite,  Orassite,  Topaz,  the  P>Toxenes,  Enstatite, 
Bronzitc  and  Hypersthene,  Olivine,  Anhydrite,  Celestite,  and 
Barite.  The  triangular  summary  of  the  eleven  orthorhombic 
form-types  is  as  follows: 

OP 


00  Pn 

Symmetry,  3  at  90®. 


dP* 
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Orthcrhcnibie  Hemihedrism. 

The  number  of  planes  belon^ng  to  a  crystal  decreases  with  the 
8}rmmetry  of  the  system,  and  with  this  decrease  in  the  number  of 
faces  comes  a  decrease  in  the  possibility  of  partial  forms.  Hemi- 
hedrism  is  consequently  of  minor  importance  in  the  systems  without 
any  principal  plane  of  symmetry.  It  is  possible  to  select  one-half 
of  the  planes  of  any  orthorhombic  pyramid  in  three  ways: 

(1).  We  may  select  the  planes  alternately,  or  by  octants  which 
here  are  identical.  This  satisfies  the  conditions  of  hemihedrism  and 
results  in  the  disappearance  of  all  symmetry.  This  is  known  as 
sphenoidal  hemihedrism, 

(2).  The  planes  may  be  chosen  in  alternate  pairs,  which  results 
in  the  disappearance  of  all  but  one  plane  of  symmetry,  and  the 
forms  produced  by  the  extension  of  the  surviving  planes  will  not 
differ  from  the  holohedral  forms  of  the  monoclinic  system. 

(3).  It  is  also  possible  to  choose  the  planes  in  sets  of  fours  about 
the  ends  of  any  axis,  which  causes  the  disappearance  of  but  one 
plane  of  symmetry,  but  the  resultant  form  is  hemimorphic  because 
the  equivalent  extremities  are  not  treated  alike. 

Sphenoidal  Hemihedrism, 

This  is  the  only  true  hemihedrism  possible  in  this  system,  and 
is  produced  by  the  selection  of  alternate  planes  or  octants  froni 
every  orthorhombic  pyramid. 

Orthorhombic  Sphenoid, 
+  c  • 

V    1       T      ^      V       3       _     ^ 
a.         6  .       -a.  -6» 

The  extension  of  the  surviving  planes  results  in  an  as3rmmetric 
form  bounded  by  four  similar  scalene  triangles  intersecting  in  six 
edges  of  three  kinds:  two  horizontal  in  which  the  vertical  axis 
terminates;  two  longer  and  two  shorter  zigzag  edges.  This  form 
is  analogous  to  the  tetrahedron   and  tetragonal  sphenoid,  and  a 
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comparison  of  the  three  with  regard  to  shape  of  faces,  symmetry, 
and  axes  is  instructive.  There  are  two  sphenoids  derivable  from 
every  orthorhombic  pyramid  which  are  enantiomorphons,  and  are 
designated  as  right-  or  left-handed  according  as  the  upper  front 

right-  or  left-hand  octant  is  selected.    Their  sjrmbols  are  — j^,  r,  k 

and  — o"-;  h  ^>  although  it  is  to  be  remembered  that  mP  will  also 

produce  two  such  sphenoids.  Sulphur,  Epsom  Salts,  and  such 
organic  substances  as  Acid  Potassium  Tartrate  (cream  of  tartar), 
Potassium  Sodium  Tartrate  (Rochelle  Salts),  and  Lactose  form 
sphenoidal  cr3rstals.    Smnmary: 


Symmetry,  0. 

Orthorhombic  Hemimorphtsm, 

Hemimorphisra  in  the  direction  of  one  of  the  three  axes  is  not 
uncommon.  It  is  customary  to  choose  the  hemimorphic  axis  as 
the  vertical  one  in  such  cases.  The  plane  of  symmetry  normal  to 
this  axis  disappears.  Struvite  and  Calamine  are  hemimorphic 
minerals. 

H.    MoNOCLiNic  System. 

This  system  embraces  all  forms  referable  to  three  axes  of  unequal 
length,  two  of  which  intersect  at  an  oblique  angle,  while  they  are 
both  at  right  angles  to  the  third.  The  holohedral  forms  have  one 
secondary  plane  of  symmetry.  The  existence  of  this  plane  deter- 
mines the  normal  to  it  as  an  axis  of  symmetry,  and  this  is  the  only 
direction  which  is  fixed  for  the  whole  system.  The  other  two  axes 
of  reference  are  simply  arbitrary  co-ordinates  chosen  for  each  sub- 
stance according  to  convenience.  They  both  must  lie  in  the  plane 
of  symmetry,  and  therefore  be  perpendicular  to  the  axis  of  symme- 
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try,  but  may  make  any  angle  with  each  other.  It  is  customary  to 
place  all  monodinic  crystals  so  that  the  plane  of  symmetry  shall 
stand  vertical  from  front  to  rear,  with  the  axis  normal  to  it  from 
right  to  left.  This  is  the  arthodiaganal  or  simply  ortho  axis  6,  written 
with  a  dash  over  it.  For  the  two  arbitrary  directions  perpendicular 
to  this  axis  we  generally  choose  such  as  have  most  planes  forming 
zones  parallel  to  them,  or  which  are  distinguished  by  some  other 
characteristic.  One  of  these  is  made  the  vertical  axis  <5,  while  the 
other  is  so  placed  that  it  inclines  downward  toward  the  front  and  is 
known  as  the  dinodiagonal  or  clino  axis  d,  which  is  surmounted  by 
an  oblique  sign.  For  the  first  time  in  this  system  we  have  angles 
which  are  not  90°.  Here  it  is  the  angle  between  the  axes  d,  and  c, 
which  is  called  /?,  and  there  must  be  of  course  an  acute  as  well  as  an 
obtuse  angle  /?.  As  in  the  orthorhombic  system,  any  monodinic 
pyramid  occurring  on  a  crystal  may  be  assumed  as  the  fundamental 
or  ground-form  from  the  angles  of  which  the  axial  ratio  may  be 
calculated.  The  ground-form  of  any  monodinic  mineral,  however, 
determines  another  crj'stallographic  constant  besides  those  we  have 
been  accustomed  to  determine,  namely,  the  inclination  of  the 
oblique  axes  or  the  acute  angle  /?  which  must  be  calculated  before 
the  axial  ratio  can  be  obtained.     The  other  constants  are  the  irra- 

tional  quotients  j-  and  j-,  as  in  the  orthorhombic  system.     With 

the  decrease  in  symmetry  the  number  of  faces  decreases,  but  the 
calculation  of  crystallographic  constants  becomes  correspondingly 
more  difficult,  and  in  this  system  we  begin  to  work  with  oblique 
instead  of  right-angled  spherical  triangles,  so  that  the  method  of 
calculation  becomes  too  complex  to  be  discussed  here.  An  exam- 
ple of  the  constants  given  for  every  monodinic  mineral  is  seen  in 
the  following,  which  are  those  of  Orthoclase  Feldspar:  a  :b  :6  = 
0.65851:1:0.55538,  ^=63°  56'  46".  It  wiU  readily  be  seen  that 
the  nearer  ^  approaches  to  90®,  so  much  more  will  a  monodinic 
mineral  approximate  the  orthorhombic  character,  and  that  there- 
fore the  monodinic  system  is  very  similar  to  the  orthorhombic. 
The  most  general  monodinic  symbol  calls  for  but  four  planes,  since 
the  presence  of  one  face  on  one  side  of  the  plane  of  symmetry  con- 
ditions but  one  other,  both  having  their  parallel  faces,  so  that  four 
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is  the  greatest  number  of  planes  that  can  belong  to  any  monoelmic 
form,  which  will  all  consequently  be  open  forms.  The  four  faces 
composing  any  monoclinic  pyramid  belong  cither  altogether  to  the 
acute  or  to  the  obtuse  octants,  and  it  takes  two  pyramids  to  enclose 
space.  All  holohedral  forms  which  have  their  planes  exclusively  in 
the  acute  octants  are  called  positivey  while  those  in  the  obtuse  octants 
are  said  to  be  negative.  Thus  forms  grouped  around  the  rear  or 
negative  extremity  of  d  belong  to  the  former  class,  while  those  about 
the  front  end  of  d  are  negative.  With  these  exceptions  all  mono- 
clinic  forms  are  similar  to  the  orthorhombic  ones.  It  is  customary 
here  to  take  the  smallest  lateral  parameter  equal  to  unity,  so  that 
the  parameter  n  varies  from  one  to  infinity,  while  m  varies  between 
zero  and  infinity.  All  monoclinic  holohedral  forms  fall  into  the 
types  of  pyramids,  prisms,  or  domes  and  pinacoids,  and  these  in 
turn  belong  to  the  fundamental  or  unit  row,  the  clinodiagonal  row, 
and  the  orthodiagonal  row  or  zone,  according  to  the  values  given 
to  the  lateral  parameter  n. 

Unit  or  Fundamental  Raw, 

(1).      (A:6:?7Mi),    \hhl],  —mP,]     Derived   monoclinic   pjo-a- 
(2).  (-d  :  6  :  mi),    \hM},  +mP, )        mids  of  the  Unit  row. 

(4:6:(5),       jlH}, -P,     )     tt  •.  -a 

(-d:6:i),       |Tll!,+P,     1    Unit  pyramids. 

(3).      (A  :  6  :  ooi),   jllOl,  cx)P,         Unit  prism. 
^(4).      (4:6:(M),     { 001},  OP,  Basal    pinacoid,    which   is 

always  inclined  down- 
ward toward  the  front, 
since  it  goes  parallel  to 
the  d  axis. 

Clinodiagonal  Row. 

Here  we  have  the  most  general  form,  in  which  n>l,  and  refers 
to  the  cUno  axis. 

(5).      (nd:6:r?u5),    {A*Z}  where  A>ik,-mPn, )  ^,.  ., 

(6).  (-ruV :  6  : mi),    {AW}       "        -  ,+mPn,  }  Chnopyramids. 
(7).      (nd :  6  :  ood),  {hJcO}      "        "  ,ooPn,        ainoprism. 

(niiibiOi),     JOOI},     OP,  Basal  pinacoid. 
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(8).    (oo4:6:fmS),    {OW},     mPoo,     Oinodome. 

(9).     (ood:6 :  00(5),  {010},     ooPoo,    dinopinacoid,   which    is 

parallel  to  the  plane 
of  symmetry. 

Orthodiagimal  Ilow. 

In  this  zone  we  also  have  the  most  general  form  whose  param- 
eter n>l,  and  refers  to  the  ortho  axis. 

(10).      (A  :  n6  :  m<5),    [hkl]  where  A>*,-mPn, )   Orthopyra- 
(11).  (-4:n6:w(5),    \hkl\      "        ",+mPfl,)       mids. 
(12).      (A  :  n6  :  oo(5),   jWfcO}     "        "    ,  ooP^,       Orthoprism. 
( A  :  nB  :  0(J) ,     { 001 } ,  OP,  Basal  pinacoid. 

(13).  (A:«)6:7n(5),  {MM},  -mPdb,  |  OrfWnm«. 
(14).  (-A:aoB:nuJ),  {*«},  +mPdb,  }  Orthodomes. 
(15).      (A  :  oo5  :  00(5),  jlOO},    ooPdb,  Orthopinacoid. 

From  the  above  it  will  be  seen  that  there  are  fifteen  holohedral 
form-types  in  this  system  instead  of  eleven  as  in  the  orthorhombic, 
which  increase  is  due  to  three  extra  negative  pyramids  and  one 
negative  orthodome,  otherwise  aU  forms  in  both  systems  are  analo- 
gous. The  limiting  forms  with  the  acute  and  obtuse  forms  between 
them  as  well  as  the  relation  of  the  different  zones  is  seen  from  the 
following: 

r  1 

OP—  ±— Pdb  —  ±P6b  —  ±mPi»  —  00  Poo 

Orthodiagonal  Row. 

.  OP— ±— Pn  —  ±Pn  —  ±mPn  —  ooPn 

L  ^ 

UnitRow ioP— ±— P    — ±P     — ±mP    — ooP 

(  w» 

OP— ±— Pn  —  ±Pn  —±mVh  —  ooPh 

OP—     —Poo  —    Poo  —    mPdb  —  ooPao 
m 


(Tlinodiagonal  Row. 


Many  important  minerals  crystallize  in  this  system,  among  them 
being  Orthoclase  Feldspar,  the  Micas,  most  Pyroxenes  and  Amphi- 
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boles,  Epidote,  and  Gypsum.    The  triangular  summary  of  the  fifteen 
holohedral  form-types  is  as  follows : 

OP 

±mP65 

WlPoo 


ooPfl 
Symmetry,  1. 

Monoclinic  Hemihedrism. 

It  is  possible  to  select  one  half  of  the  planes  of  any  monoclinic 
p)rramid  in  three  ways: 

(1).  We  may  select  the  two  parallel  planes  belonging  to  diago- 
nally opposite  octants,  but  this  would  result  in  forms  differing  in 
no  manner  from  triclinic  holohedral  forms. 

(2).  It  is  possible  to  choose  the  two  planes  which  meet  at  one 
extremity  of  the  axis  of  symmetry,  which  would  result  in  hemi- 
morphism  in  the  direction  of  that  axis  with  the  disappearance  of 
the  symmetry.  Organic  salts  like  Tartaric  Acid  and  Quercite  show 
this  phenomenon. 

(3).  We  may  choose  the  two  planes  at  one  extremity  of  the 
vertical  axis  which  intersect  in  the  plane  of  symmetry.  The  sur- 
*  viving  planes  will  therefore  intersect  both  ends  of  the  axis  of  sym- 
metry in  the  same  number,  and  at  equal  angles,  and  therefore  will 
satisfy  the  conditions  of  true  hemihedrism.  Sometimes  Pyroxene 
minerals  show  such  a  distribution  of  planes,  but  it  is  a  rare 
occurrence. 

Teiartohedrism. 

In  tlie  monoclinic  system  this  would  mean  the  survival  of  one 
plane  the  simplest  form  possible,  and  would  not  be  separable  from 
triclinic  hemihedrism. 
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I.    Triclinic  System.      ,       j 

This  system  embraces  all  forms  referable  to  three  unequal  axes, 
all  oblique  to  each  other.  There  is  no  plane  or  axis  of  symmetry. 
In  the  various  divisions  of  hemihedrism  and  tetartohedrism  we 
have  met  forms  devoid  of  symmetry,  but  such  forms  do  not  gener- 
ally have  their  planes  arranged  in  parallel  pairs,  which  property  is 
possessed  by  all  holohedrons.  This  property  is  possessed  by  tri- 
clinic forms,  in  which,  since  there  is  no  symmetry,  only  the  occur- 
rence of  two  planes  for  every  complete  form  is  necessary.  As 
before  stated,  it  is  possible  to  consider  all  triclinic  forms  as  monoclinic 
hemihedral.  Being  no  symmetry,  there  can  be  no  fixed  directions 
in  this  system,  and  the  selection  of  the  three  axes  is  purely  arbi- 
trary and  a  matter  of  convenience.  Any  three  pairs  of  planes 
Ynay  be  selected  as  pinacoids,  and  by  their  intersections  be  made 
to  determine  the  position  of  the  axes  which  must  differ  not  only  in 
their  unit  lengths,  but  also  in  their  directions  and  inclinations  for 
all  triclinic  crystals  of  different  substances.  Their  directions  may 
also  differ  for  crystals  of  the  same  substance,  if  they  are  differently 
chosen  by  different  authors.  It  is  generally  customary  to  follow 
the  directions  and  positions  determined  by  the  one  who  first  studied 
and  described  the  mineral.  It  is  also  customary  to  place  the  crystal 
in  such  a  position  that  one  axis  shall  stand  vertical,  6;  the  longer 
of  the  two  remaining  lateral  axes  inclines  downward  toward  the 
right,  and  is  known  as  the  macrodiagonal  or  macro  axis,  6;  while  the 
remaining  shorter  axis  is  inclined  downward  toward  the  front,  and 
is  called  the  brachydiagorud  or  brachy  axis,  tf,  all  named  and  marked 
exactly  as  in  the  orthorhombic  system.  The  oblique  angles  between 
the  axes  are  as  follows:  6Ah  =  a;  6a&=^;  hAd^j: 

When  the  axes  are  in  the  position  above  given,  all  the  angles  of 

the  upper,  front,  right  octant  will  be  greater  than  90®.     In  this 

system  there  are  five  crystallographic  constants  to  be  determined 

for  each  crystal,  as'follows:  the  angles  a,  ^,  and  y,  whose  values  are 

given  by  the  inclination  of  the  faces  selected  as  pinacoids,  and  the 

d  6 

two  irrational  quotients  j-  and  j-.   These  five  constants  cannot  all 

be  determined  from  a  single  form,  but  this  is  not  necessary,  since  a 
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triclinic  form  can  only  occur  in  combination  with  several  others. 
If  the  directions  of  the  axes  are  knovm,  both  ratios  may  be  calcu- 
lated from  any  pyramidal  face  which  is  selected  as  the  unit  pyramid; 

while  J-  may  l^e  more  easily  obtained  from  a  prism,  and  j-  from  a 

dome  face.  When  the  ground-form  has  been  selected  and  the  con- 
stants determined,  the  designation  of  forms  is  much  the  same  as  in 
the  orthorhombic  system.  We  must  remember  that  every  com- 
plete form  has  but  two  planes,  and  that  it  requires  four  pyramids 
to  enclose  space.  Consequently  such  a  combination  gives  us  eight 
faces  with  2  +  2-1-2  +  24-2-1-2=12  edges,  whereas  the  isometric 
pyramid  had  twelve  similar  edges.  Although  the  triclinic  forms 
are  simpler,  their  symbols  are  quite  complex.  We  have  the  param- 
eter n  varying  between  one  and  infinity,  since  the  shortest  lateral 
parameter  is  assumed  to  be  unity,  while  m  varies  from  zero  to  in- 
finity. We  have  the  same  general  types,  and  the  same  rows  or 
zones  as  in  the  orthorhombic  s)rstem. 

Unit  or  Fundamental  Row. 

(I),  {d  :     h  :     md),  \hhl\j  niP',  Upper  right-hand  derived  unit 

pyramid. 
(2).  (A  :  -6  :     7n6)j  (/iAZ},mT,  Upper  left-hand  derived  unit 

pyramid. 
(3).  (d  :     6  .**  —mi) J  {/tW},  mP^,  Lower  right-hand  derived  unit 

pyramid. 
(4).  (d  :  —h  :  —md),  {/tW},m,P,  Lower  left-hand  derived  unit 

pyramid. 

The  unit  pyramid  or  ground-form  will  have  the  same  general 
position,  but  the  6  axis  will  be  cut  at  unity.  Its  Naumann  symbols 
are,  P',  'P,  1\,  ^P,  which  are  read  ''upper  right-hand  unit  pyramid," 
etc. 

(5).  {d:     6  :  cot^),  jllOj,  ccP/,  Right-hand  unit  prism. 

(0).  (d:-h  :  <x(^),  jllOj,  oc/P,  Left-hand        ''       '' 

(T))  may  be  considered  a,s  formed  by  the  merging  of  P'  and  P^ 
and  (6)  by  'P  and  ^P  falling  together. 

(7).  («  :  6  :  W),     {001 } ,  OP,      Basal  pinacoid. 
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Brachydiagonal  Bow. 

Here  we  find  the  most  general  formula,  in  which  n  >  1  and  refers 
to  the  brachy  axis  &.    The  index  is  A<A:. 


(8).  (n& 

(9).  in& 

(10).  {n& 

(11).  {nd 


h 


(12).  (nd 
(13).  (nd 


-6 


-6 
b 


mi),  {WM},  mP'ii/ 
mi),  \hk},  mTfi, 
-mi),\hld\,  mP,fl, 
-77u5),  jAJH},  m,Fii, 


Upper  right-hand  brachy 

pyramid. 
Upper    left-hand    brachy 

pyramid. 
Ix)wer  right-hand  brachy 

pyramid. 
Ix)wer    left-hand   brachy 
pyramid. 
oc(i),  \hkO],  ooFyij   Right-hand  brachy  prism. 
oo(J),  jAJW},  oojpyi,  Left-      '' 
(12)  is  formed  by  (8)  and  (10)  falling  into  one  plane  parallel  to 
the  i  axis,  while  (13)  is  formed  by  the  merging  of  (9)  and  (11). 
(ntf  :     6  :  Od),  1 001},  OP,  Basal  pinacoid. 

(14).  (ooa  :     6  :mi),  {OW},  m^P'ob,    Upper  right-hand  brachy- 

dome. 
(15).  (ootf  :  -h  :m£),  jOfef},  m'P.ob,    Upper   left-hand  brachy- 

dome. 
(14)  is  made  by  the  falling  together  of  the  pyramid  face  in  the 
upper  right-hand  front  octant,  mVH,  and  the  one  in  the  upper 
rear  right-hand  octant  which  cannot  be  expressed  on  the  plane 
of  the  paper,  so  that  we  take  its  parallel  face  in  the  lower  left 
front  octant,  m^ii.  Accordingly  (15)  is  produced  by  m'Vil  and 
mYfi  becoming  parallel  to  the  brachy  axis. 

(16).  (ooiX  :6  :  oo(5),  {010},  ooPob,        Brachypinacoid. 


Macrodiagonal  Row. 
where  n>l  and  refers  to  the  macro  axis  h  and  where  h>k. 


(17). 

(d 

n6 

ml),  \hU\, 

mP% 

(18). 

(& 

—nh 

mi),  {hkl\, 

m'Pn, 

(19). 

{& 

nb 

-mi),\hkl], 

mPfi, 

(20). 

(« 

-nb 

-mi),  {hkl]. 

m,PA, 

] 


Macropyramids. 


178 


GENERAL  AND  SPECIAL  MINERALOGY 


(21). 

(& 

■       Tib 

(22). 

(& 

-nh 

(« 

rib 

(23). 

{& 

cob 

(24). 

m 

<x>b 

(25). 

{& 

ccb 

cci),  {hkO\,   00 FA  )  „ 

ooi),  {m\,    oo;Pn,  }  ^'^'^'^P™' 


ms. 


Basal  pinacoid. 
Upper  front  macrodome.- 
Lower    "  " 

Macropinaeoid. 


06),  {001},        OP, 

mi),  {hOlj,  mT'db, 

-mi),  \m],  m,P,o6, 

00(5),  jlOOJ,    ooPdb, 

From  the  above  it  will  be  seen  that  there  are  twenty-five  dif- 
ferent form-types  instead  of  fifteen  in  the  monoclinic  or  eleven  in 
the  orthorhombic.  The  table  showing  the  relations  of  the  limiting 
forms  as  well  as  the  triangular  simimary  are  omitted  because  they 
would  take  up  too  much  room  if  they  were  made  intelligible.  The 
Plagioclase  Feldspars  ranging  from  Albite  to  Anorthite  are  the 
most  important  triclinic  minerals,  but  Rhodonite  and  Cyanite  also 
belong  here. 

Triclinic  Hemihedriam. 

This  would  mean  the  occurrence  of  a  single  plane,  but  the  fre- 
quent presence  of  isolated  planes  on  Cane  Sugar  has  led  some  to 
consider  it  as  an  example  of  hemihedrism.  There  can  be  no  hemi- 
morphism  in  this  system  because  there  are  no  axes  of  symmetry. 
At  the  end  of  the  crystal  systems,  it  is  perhaps  well  to  take  up  the 
discussion  of  hemimorphism  as  a  general  subject,  although  it  has 
been  mentioned  under  some  of  the  systems. 


J.    Hemimorphism. 

We  have  found  that  hemimorphism  is  the  occurrence  of  half 
the  number  of  planes  of  a  form  about  one  extremity  of  an  axis  of 
symmetry  while  they  are  all  absent  at  the  other  end.  This  is  not 
due  to  the  mineral  being  attached  at  one  end,  but  it  is  a  method 
of  partial  occurrence  of  planes  due  to  molecular  structure,  and  the 
crystal  would  be  differently  terminated  if  both  ends  were  free.  As 
has  been  seen,  liemimorphism  sometimes  results  from  the  com- 
bination of  two  kinds  of  hemihedrism  with  the  consequent  loss  of 
all  symmetry,  but  in  some  systems  we  find  that  holohedral  and 
hemihedral  forms  with  symmetry  become  hemimorphic,  with  a 
consequent  disappearance  of  the  plane  of  symmetry  normal  to  the 


180  GENERAL  AND  SPECIAL  MINERALOGY 

direction  in  which  the  hemimorphism  takes  place.  This  direction 
is  known  as  the  hemimorphic  axis.  In  the  isometric  system,  what 
holds  true  for  one  axis  must  be  true  for  the  others,  since  the  axes 
are  interchangeable,  aiaia^  and  we  can  have  no  hemimorphic 
axes.  In  the  tetragonal  and  hexagonal  systems  we  have  one  such 
axis,  which  is  the  vertical  axis  (a  :a:c)j  {a:a:a:c).  Hemi- 
morphism was  first  studied  on  the  hexagonal  mineral  Tourmaline. 
In  the  orthorhombic  system  the  axes  are  a  :  2> :  c,  so  that  there  are 
three  possible  hemimorphic  axes,  and  it  is  customary  to  choose  the 
hemimorphic  axis  as  the  vertical  one.  StrUX-ite  and  Calamine  are 
examples  in  this  system.  In  the  monoclinic  system  there  is  but 
one  axis  of  symmetry,  and  therefore  but  one  hemimorphic  axis, 
since  the  other  axes  are  arbitrary  co-ordinates,  which  remark  also 
applies  to  the  triclinic  system,  as  it  can  have  no  hemimorphism. 
The  hemimorphic  axis  is  also  the  pyroelectric  axis.  On  heating, 
one  pole  gives  off  positive  and  the  other  negative  electricity,  while 
on  cooling  the  reverse  is  the  case.  The  analogous  or  analogue  pole 
produces  positive  with  increase,  and  negative  with  decrease  of  tem- 
perature; while  the  antilogous  or  anXUogue  pole  gives  off  negative 
electricity  with  increase,  and  positive  with  decrease  of  temperature. 
We  can  show  that  there  are  two  kinds  of  electricity  given  off  by 
means  of  a  bellows  containing  a  mixture  of  Sulphur  and  Minium, 
PbjO^.  If  a  hemimorphic  mineral  is  heated,  and  then  suspended 
or  supported  in  some  manner,  and  we  blow  the  bellows  mixture 
upon  it,  the  Sulphur  will  become  negatively  electrified  by  the  fric- 
tion with  the  bellows,  and  will  accumulate  on  the  analogue  pole, 
which  will  be  colored  yellow,  while  the  Minium  will  be  positively 
electrified  and  will  accumulate  on  the  antilogue  pole,  which  will 
have  a  red  color. 

K.    Classification  of  all  Crystal  Forms  by  their  Symmetry. 

This  list  is  a  r^sum^  of  all  the  holohedral,  hemihedral,  tetartohe- 
dral  and  hemimorphic  forms  which  have  been  covered  in  the  pre- 
vious discussions,  classified  by  their  symmetry,  and  may  be  found 
to  be  of  considerable  use  in  the  study  of  the  models.  Roman 
numerals  indicate  the  principal  planes  of  symmetry,  and  Arabic 
numerals  secondary  planes. 
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Nine  jAanes  of  symmetry. 

1.  Isometric,  holohedral.     111  +  6. 
Seven  planes  of  symmetry. 

2.  Hexagonal,  holohedral.     1  +  3  +  3. 
Six  planes  of  symmetry. 

3.  IsometriC;  tetrahcdral,  hemihedral  (k).    6  (Angle  60°). 

4.  Hexagonal,  holohedral  hemimorphic.     3  +  3  (Angle  30°). 
Five  planes  of  symmetry. 

5.  Tetragonal,  holohedral.     1  +  2  +  2. 
Four  planes  of  symmetry. 

6.  Tetragonal,  holohedral  hemimorphic.     2+2  (Angle  45°). 
Three  planes  of  symmetry. 

7.  Isometric,  pentagonal  hemihedral  (;r).     3  (Angle  90°). 

8.  Hexagonal,  rhombohedral  hemihedral  (ic).     3  (Angle  60°). 

9.  Orthorhombic,  holohedral.     1  +  1  +  1.     (Angle  90°). 
TtJiH)  planes  of  symmetry. 

10.  Tetragonal,  sphenoidal  hemihedral  (k).    2  (Angle  90°). 

1 1 .  Orthorhombic,  holohedral  hemimorphic.     1  +  1  (Angle  90°) . 
One  plane  of  symmetry. 

12.  Tetragonal,  pyramidal  hemihedral  (n).    I. 

13.  Hexagonal,  pyramidal  hemihedral  (;:).     I. 

14.  Monoclinic,  holohedral.     1. 

15.  Monoclinic,  hemihedral.     1. 
No  plane  of  symmetry. 

16.  Isometric,  gyroidal  hemihedral  (/-). 

17.  Isometric,  tetartohedral  (kti). 

18.  Tetragonal,  trapezohedral  hemihedral  (t). 

19.  Tetragonal,  trapezohedral  tetartohedral  (t^). 

20.  Tetragonal,  sphenoidal  tetartohedral  (kt:). 

21.  Tetragonal,  tetartohedral  hemimorphic  (ttt). 

22.  Hexagonal,  trapezohedral  hemihedral  (t). 

23.  Hexagonal,  trapezohedral  tetartohedral  (t/c). 

24.  Hexagonal,  rhombohedral  tetartohedral  (ktt). 

25.  Hexagonal,  tetartohedral  hemimorphic  (ttt). 

26.  Orthorhombic,  sphenoidal  hemihedral  (/c). 

27.  Monoclinic,  hemimorphic. 

28.  Triclinic,  holohedral. 
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In  addition  to  these  twenty-eight  divisions  which  we  have 
mentioned  through  the  course  of  crystallography,  it  is  still  possible 
to  consider  divisions  18,  19, 22,  and  23  as  hemimorphic,  which  would 
make  thirty-two  divisions  in  all.  *  According  to  the  new  system  of 
crystallography  of  Prof.  Paul  Groth  of  the  University  of  Munich, 
he  divides  all  forms  into  thirty-two  systems  or  classes,  and  considers 
each  one  individually  without  any  relation  to  the  others,  which  of 
course  renders  the  study  of  the  subject  much  more  difficult.  It  is 
to  be  noted,  however,  that  he  still  pursues  his  old  methods  of  deriving 
the  partial  forms  in  his  classes  just  as  we  have  been  treating  the 
subject.  In  my  opinion  the  old  method  is  better  because  it  shows 
the  relations  of  the  divisions  by  their  derivation. 

L.    Crystal  Aggregates. 

Horotofore  we  have  only  considered  crystal  individuals  as  units, 
regardless  of  any  relation  that  they  might  have  to  each  other, 
whether  the  crystals  were  of  the  same  or  of  different  kinds.  Crys- 
tals, however,  in  their  relations  to  each  other  often  conform  to  certain 
definite  laws,  which  consequently  become  a  legitimate  part  of  crys- 
tallography. On  an  ideal  crystal  individual  the  interfacial  angles 
are  always  less  than  180**,  and  the  presence  of  re-entrant  angles 
indicates  the  union  of  two  or  more  crystals.  In  a  crystal  aggregate 
the  individuals  may  all  be  of  the  same  or  of  different  kinds.  In 
the  first  case,  the  molecular  arrangement  may  be  completely  parallel 
throughout  all  the  individuals,  which  are  then  only  separated  from 
each  other  by  their  external  planes.  Such  aggregates  are  called 
parallel  growths.  In  other  cases  there  may  be  no  relation  whatever 
between  the  molecular  arrangement  of  two  adjoining  crystals. 
Groups  formed  in  this  way  are  called  irregular  homogeneous  aggre- 
gates. If  the  attractive  and  repellent  forces  of  a  crj^stal  molecule 
are  resolved  into  three  components  not  at  right  angles,  it  will  be 
seen  how  it  is  possible  to  have  a  partially  parallel  orientation  between 
two  molecules  of  the  same  substance.  If  all  three  axes  of  the  two 
molecules  are  parallel,  the  arrangement  is  identical,  as  in  parallel 
growths ;  while  if  none  are  parallel  the  orientation  is  wholly  different, 
as  in  irregular  homogeneous  aggregates;  but  if  one  or  two  of  the 
three  are  parallel  to  the  corresponding  axes  of  the  other  molecule, 


186  GENERAL  AND  SPECIAL  MINERALOGY 

the  arrangement  is  neither  completer  nor  wanting,  but  is  partial. 
Such  partial  orientation  may  be  produced  if  one  of  two  completely 
parallel  molecules  is  imagined  to  be  revolved  180°  about  any  one- 
of  its  axes  which  remains  common  to  both  molecules.  Two  indi- 
viduals which  possess  this  partial  parallelism  are  called  twin  crystals. 
If  a  cr>'stal  aggregate  is  composed  of  heterogeneous  individuals,  that 
is,  of  different  substances,  we  may  have  almost  complete  parallel- 
ism of  arrangement,  provided  the  different  crystals  possess  nearly 
the  same  molecular  structure,  which  is  true  of  many  substances 
of  analogous  though  not  identical  chemical  composition.  Such 
substances  are  said  to  be  isamorphous,  and  the  aggregates  are  called 
isamorphaus  growths.  In  still  other  cases  different  substances  tend 
to  assume  certain  regular  relations  to  each  other,  although  they 
have  no  similarities  of  molecular  arrangement  or  chemical  compo- 
sition, and  are  known  as  regular  growths,  in  order  to  distinguish 
them  from  heterogeneous  aggregates,  which  are  entirely  irregular , 
and  therefore  the  most  general  possible  group  of  crystal  aggregates 
which  may  therefore  be  divided  as  follows: 

I.     Homogeneous  Aggregates.     Individuals  of  the  same  kind. 

1.  Parallelism  complete.  .  ..Parallel  Growths. 

2.  Parallelism  partial Twin  Crystals. 

3.  Parallelism  wanting Irregidar  Homogeneous  Aggre- 

gates. 

II.    Heterogeneous  Aggregates.      Individuals  of  different  kinds. 

1.  Parallelism  nearly  com- 

,  plete Isomorphous  growths. 

2.  Parallelism  partial Regular  growths. 

3.  Parallelism  wanting Irregular  Heterogeneous  Aggre- 

gates, 

Owing  to  their  importance,  we  will  discuss  the  principal  fea- 
tures of  each  class  in  the  order  above  given. 

Parallel  Growths. 

In  every  crystal  the  molecular  orientation  is  the  same  along  all 
parallel  directions,  but  two  or  more  individuals  of  the  same  sub- 
stance may  grow  side  by  side  in  such  a  manner  that  all  similar 
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directions  are  absolutely  parallel  throughout,  and  form  therefore 
a  parallel  growth.  Sv>ch  crystals  must  be  symmetrical  to  some 
plane  which  is  a  plane  of  symmetry  for  each  individual,  but  they 
may  be  united  by  this  or  any  other  plane.  Thus  two  octahedrons 
when  parallel  are  symmetrical  to  a  cube  face,  but  they  may  be 
united  in  the  cube  face,  or  joinerl  in  an  octahedral  face.  When 
crystal  growth  is  rapid,  very  small  or  larger  crystals  tend  to  imite 
theuLselves  in  parallel  position  to  form  the  skeleton  of  a  larger 
cr\'stal.  These  fonns  are  hopper-shape  in  the  case  of  Halite,  but 
are  arborescent  and  reticulated  in  the  cases  of  Gold,  Silver,  Bismuth, 
and  Copper.  They  are  merely  the  framework  which,  if  the  deposi- 
tion of  material  had  not  ceased,  would  have  been  filled  up  to  form  a 
compact  crystal,  and  for  this  reason  they  are  called  skeleton  crystals. 
The  smaller  units  are  known  as  sub-individuals,  since  they  would 
build  up  a  larger  crystal.  Generally  the  sub-individuals  have  the 
same  shape  as  the  larger  form.  Thus  in  the  hopper-crystals  of 
Halite,  smaller  cubes  make  up  a  larger;  in  Dolomite  smaller  rhom- 
bohedrons  form  a  greater  one;  clectrolytically  precipitated.  Copper 
crystals  build  up  the  general  outline  of  an  octahedron,  both  having 
the  same  form.  Many  crystal  faces  are  rough,  and  when  closely 
examined  this  roughness  is  found  to  be  due  to  the  presence  of  sub- 
individuals  as  in  the  case  of  some  Fluorite  and  Dolomite.  Quartz, 
Sulphur,  Calcite,  and  the  Feldspars  also  form  parallel  growths.  In 
numerous  cases  where  we  have  many  cr>'stals  forming  what  is 
apparently  a  single  face,  the  separation  of  the  single  individuals 
becomes  very  slight,  since  the  planes  of  the  sub-individuals  are 
exceedingly  small.  The  general  effect  produced  is  that  of  a  single 
plane  which  is  made  up  of  parallel  striations,  and  we  say  that  the 
striations  are  caused  by  the  oscillatory  combination  of  different 
forms.  Such  striations  are  frequent  sources  of  imperfect  crystal 
planes,  though  at  times  the  imperfection  may  be  due  to  the  pro- 
trusion of  the  crystal  angles  instead  of  the  edges  of  sub-individuals.  « 


Turin  Crystals, 

These  are  aggregates  in  which  there  is  a  partial  parallelism, 
since  there  is  some  crystallographic  direction  common  to  both.  In 
such  cases  the  two  crystals  are  symmetrical  to  a  plane  which  is  not 
a  plane  of  symmetry  for  each  individual,  which  is  the  most  apparent 
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distinction  from  parallel  growths.  We  may  best  understand  the 
relative  relation  of  two  crystals  in  twinning  position  by  first  placing 
two  crystals  in  parallel  position  and  then  revolving  one  of  them 
180°  about  some  crystallographic  direction  which  remains  common 
to  both.  If  this  direction,  however,  is  an  axis  of  symmetry,  after 
the  revolution  we  shall  get  the  original  position  again,  and  it  will  be  a 
parallel  growth,  not  a  twin  crystal.  The  direction  or  line  of  revo- 
lution which  produces  a  twin  is  called  the  twinning  axis,  which  in 
most  cases  is  perpendicular  to  the  plane  to  which  both  crystals 
become  symmetrical  after  the  revolution.  This  plane  is  called  the 
twinning  plane,  and  must  be  a  possible  crystal  face,  a  plane  normal 
to  a  possible  crystal  face,  or  a  plane  at  right  angles  to  a  possible 
crystal  edge.  The  first  case  is  by  far  the  most  common,  and  any 
crystal  face  except  one  parallel  to  a  plane  of  synunetry  may  be  a 
twinning  plane;  but  those  most  frecjuently  occurring  are  again 
answered  by  the  law  of  rational  indices,  namely,  those  with  the 
simplest  indices.  There  are  five  general  classes  of  twin  crystals,  as 
folhnvs: 

1.  Contact  or  Juxtaposition  Twins  are  such  in  which  the  two 
individuals  are  united  in  a  plane  which  may  or  may  not  coincide 
with  the  twiiming  plane.  This  plane  in  which  they  are  in  contact 
is  called  the  composition  face,  and  is  also  a  plane  with  simple  indices. 
(ly])sum,  S|)inel,  Aragonite,  and  the  Fehlspars  all  form  contact 
twins  in  which  twinning  plane  and  composition  face  coincide,  but 
Orthoclase  and  the  other  Feldspai's  also  form  contact  twins  in 
which  the  two  are  at  right  angles  to  each  other. 

2.  Penetration  Twins  are  such  as  are  not  uiiited  in  a  single 
plane,  but  where  there  is  a  complete  interpenetration  of  the  two 
crystals.  The  interior  space  common  to  both  is  irregularly  dis- 
tributed to  each,  a.^  is  shown  l)y  microscopic  examination  in  polar- 
ized fight,  and  only  those  positions  which  project  beyond  each 
other  have. a  regular  molecular  structure.  Fluorite,  Aragonite, 
Pyrite,  and  Quartz  form  penetration  twins. 

3.  Supplementary  Twins  are  those  made  by  the  union  of  two 
partial  forms  with  parallel  axes,  which  would  be  impossible  among 
holohedrons.  We  find  that  hemihedrons,  tetartohedrons,  and 
hemimorphic  forms  are  twinned  after  faces  which  are  planes  of 
symmetry  in  the  holohedrons.     If  the  positive  and  negative  tetra- 
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hedrons  unite  with  parallel  axes,  they  are  symmetrical  to  a  cube 
face,  and  tend  to  restore  the  holohedral  symmetry  which  gives  rise 
to  the  name  supplementary  tvnns.  The  union  of  two  quarter  forms 
would  make  a  hemihedron.  Examples  of  this  kind  of  twinning 
are  Tetrahedrite,  Pjrrite,  and  Q\iartz. 

4.  Repeated  Twins  occiu*  where  there  is  a  third  crystal  in  twin- 
ning position  according  to  the  same  law  as  the  other  two,  which  is 
called  a  trilling ^  while  four  crystals  make  a  fourling,  and  so  on. 
Such  a  repetition  according  to  the  same  law  may  be  of  two  kinds : 

A.  Polysynthetic  Twins  are  those  in  which  the  twinning  plane 
remains  parallel  to  itself,  that  is,  the  same  face  is  always  used  and 
the  alternate  individuals  are  parallel,  as  1, 3,  5,  7,  9,  etc.  Examples 
are  the  Plagioclase  Feldspars,  Calcite,  Aragonite,  with  Pyroxenes, 
Amphiboles,  Barite,  and  Cordierite  at  times. 

B.  C>^clic  Twins  are  those  in  which  the  twinning  plane  changes 
its  direction,  due  to  the  fact  that  the  successive  faces  of  a  form 
serve  as  twinning  plane,  as  those  of  a  prism  or  pyramid.  They  are 
called  cyclic  because  of  their  tendency  to  form  circular  groups,  and 
are  more  or  less  symmetrical  accordingly  as  the  angle  between  the 
successive  sets  of  axes  is  more  or  less  exactly  a  divisor  of  360°. 
Examples  of  cyclic  twinning  are  Aragonite,  Marcasite,  and  Rutile. 

5.  Compound  Twins  are  produced  by  the  simultaneous  occur- 
rence of  two  or  more  twinning  laws  on  the  same  aggregate.  Exam- 
ples are  Orthoclase,  Plagioclase  Feklspars,  Microcline,  and  Tridy- 
mite. 

Mimicry, 

The  general  tendency  of  twinning  is  to  increase  the  grade  of 
symmetry,  since  the  twinning  plane  becomes  an  additional  plane  of 
symmetry  to  those  which  each  crystal  already  possesses.  We  found 
that  in  supplementary  twins  the  union  of  half  forms  tends  to  restore 
the  holohedral  symmetry,  and  that  tetartohedrons  are  seemingly 
hemihedrons.  We  also  find  that  three  orthorhombic  crystals  whose 
angle  between  the  twinning  planes  is  nearly  120°  may  interpene- 
trate so  as  to  form  an  apparently  hexagonal  crystal.  P'xamples 
of  such  are  Aragonite  and  Witherite.  Crystals  which  closely 
resemble  a  higher  degree  of  symmetry  than  they  actually  possess 
are  sftid  to  be  pseudosymmetric.    Such  crystals  are  enabled  by  re- 
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peated  twinning  to  greatly  increase  their  deceptive  appearance, 
and  the  phenomenon  is  known  as  mimicry.  In  many  cases  their 
true  character  can  only  be  determined  by  microscopic  study  in 
polarized  light.  Thus  Aragonite  has  a  prismatic  angle  of  116°  12', 
and  the  brachypinacoid  combines  with  the  prism,  giving  a  hexagonal 
appearance;  but  three  individuals  by  twinning  greatly  increase  this 
hexagonal  resemblance.  At  ordinary  temperatures  the  pseudo- 
isometric  Leucite  is  orthorhombic,  and  Tridymite  is  |)scudohcxago- 
nal,  but  has  a  lower  grade  of  symmetry. 

Examples  of  Common  Twinning  Laws. 

1.  Isometric  system.  The  planes  with  the  simplest  indices 
arc  those  of  the  cube  {lOOj,  and  rhombic  dodecahedron  {110), 
but  the  planes  of  the  former  are  parallel  to  the  principal  pianos  of 
symmetry,  while  those  of  the  latter  are  parallel  to  the  secondary 
ones,  and  therefore  cannot  serve  as  twinning  planes.  The  form 
with  next  simple  indices  is  the  octahedron  { HI  i ,  which  is  the  most 
common  holohedral  twinning  law,  and  is  called  the  Spinel  law  be- 
cause found  on  Spinel.  Other  examples  are  Magnetite,  Sphalerite, 
Fluorite,  and  Galena,  sometimes  as  contact  and  at  others  as  pene- 
tration twins.  Among  hemihedral  crystals  we  find  a  positive  and 
negative  tetrahedron  forming  supplementary  penetration  twins 
after  the  cube  on  the  mineral  Tetrahedrite.  On  Pyrite,  two 
pentagonal  dodecahedrons  form  supplementary  twins  after  the 
rhombic  dodecahedron  and  are  known  as  the  iron  cross. 

2.  Tetragonal  system.  The  base  jOOl!  and  prism  {100|,  {110} 
are  excluded,  so  that  the  unit  pyramid  of  the  second  order  Poo ,  {Oil  j , . 
is  the  commonest  twinning  plane.  Examples  are  Zircon,  Cassite- 
rite,  and  Rutile,  the  latter  often  cyclic.  Chalcopyrite  twins  after 
P,  {111},  which  corresponds  to  the  Spinel  law  of  the  isometric. 
Scheelite,  which  is  pyramidal  hemihedral.  forms  both  contact  and 
penetration  twins  after  qoPqo,   {100|. 

3.  Hexagonal  System.  Here  holohedral  substances  and  there- 
fore holohedral  twins  are  rare.  Pyrrhotite  twins  after  P,  {111|, 
since  the  base  and  prisms  are  excluded.  The  pseudohexagonal 
Tridymite  forms  contact  and  penetration  twins  after  JP  and  fP. 
In  the  hemihedral  divisions  we  find  Calcite  scalenohedrons  twinned 
after  OP,  {001},  and  the  re-entrant  angles  so  characteristic  of  twin 
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crystals  may  be  rounded  off  or  filled  up,  resulting  in  the  disguise 
of  the  twinned  character.  We  may  easily  recognize  them  in  spite 
of  this  by  noticing  that  in  twins  acute  edges  will  bo  over  acute 
instead  of  over  obtuse  ones  as  in  untwinned  crystals.  Rhombo- 
hedral  and  prismatic  crystals  of  Calcite  also  twin  after  the  same  law, 
as  well  as  Hematite.  Calcite  forms  simple  contact,  as  well  as  poly- 
synthetic  twins  after  —  ^R.  Again,  it  forms  twins  after  R  with 
the  vertical  axes  of  the  two  rhombohedrons  nearly  at  right  angles. 
Sometimes  a  scalenohedron  with  prism  twins  after  —  2R.  In 
hexagonal  tetartohedrism,  since  there  is  no  symmetry,  there  are 
many  possibilities,  but  the  most  common  are  xP  and  ooP2,  which 
are  foimd  on  Quartz  and  Cinnabar,  which  form  supplementary 
twins.  On  Quartz  the  Dauphin^  law  (  qo  P)  is  a  union  of  two  right- 
or  two  left-handed  quarter  forms,  one  of  which  is  revolved  180° 
about  the  normal  to  oo  P  or  about  the  vertical  axis,  since  the  result 
is  the  same.  These  crystals  are  completely  interpenetrated  so  that 
the  axes  coincide  and  reproduce  the  trapezohedral  hemihedral  form. 
The  Brazil  law  ( oo  P2)  is  a  imion  of  a  right-  and  left-handed  form 
symmetrical  to  ooP2,  and  restores  the  scalenohedral  symmetry'. 
Here  also  there  is  a  complete  in terpenet ration.  Contact  twins  also 
occur  after  P2  where  the  vertical  axes  make  angles  of  84°  33'  with 
one  of  their  prism  faces  coincident. 

4.  Orthorhombic  System.  The  three  .pinacoids  are  excluded 
because  they  are  parallel  to  the  three  secondary  planes  of  symmetry, 
but  the  simplest  index  symbol  next  to  these  is  that  of  the  unit  prism 
00 P,  1110 1,  which  is  called  the  Aragonite  law,  because  of  its  occur- 
rence on  the  mineral  Aragonite  in  poly  synthetic,  cyclic,  and  pene- 
tration twins  which  are  sometimes  pseudohexagonal.  Three  tabu- 
lar crystals  of  Ccrussite  form  penetration  twins  after  the  same  law, 
sometimes  forming  compound  twins  by  the  addition  of  ooP3  as 
twinning  plane.  Marcasite  sometimes  forms  cyclic  twins  of  five 
individuals  into  a  pentagonal  shape  after  the  same  law  (ocP). 
Arsenopyrite  also  twins  after  this  law.  Both  Marcasite  and  Arseno- 
pyrite  twin  after  Foe,  {101(,  the  latter  forming  penetrations. 
Staurolite  forms  cross-shape  twins  after  two  laws:  the  first  after 
fP*  produces  a  rectangular  cross,  while  fPf  makes  an  oblique 
cross. 

6.  Monoclinic  System  has  but  one  plane  excluded  as  twinning 
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plane,  namely  the  clinopinacoid.  The  most  common  law  is  ooPob , 
1 100 1,  after  which  all  Feldspars,  Pyroxenes.  Amphiboles  and  Gyp- 
sum twin.  When  it  occurs  on  Feldspai^s  it  is  called  the  Carlsbad 
law,  in  which  the  composition  face  is  the  clinopinacoid,  which  is 
perpendicular  to  the  twinning  plane.  Orthodase  also  twins  after 
the  base,  OP,  which  is  called  the  Mannebach  law,  and  after  2Pob 
known  as  the  Baveno  law,  both  being  found  on  crystals  which  are 
prismatic  after  the  o  axis,  while  the  Carlsbad  law  is  found  on  crystals 
prismatic  in  the  direction  ojF  the  c  axis,  or  tabular  after  the  clino- 
pinacoid. 

6.  Triclinic  System.  Any  plane  may  serve  as  twinning  plane 
since  there  is  no  symmetry,  but  we  find  the  three  planes  which 
serv^ed  in  the  monoclinic  ^stem  very  frequently,  especially  on  the 
Plagioclase  Feldspars,  Albite,  Oligoclase,  Andesine,  Labradorite, 
Bytownite,  and  Anorthite.  They  bear  the  same  names  as  in  the 
monoclinic  system,  namely:  Carlsbad,  ocPdb;  Baveno,  2Pci6; 
Mannebach,  OP.  In  addition  to  these  there  are  two  typical  tri- 
clinic laws  knownn  as  Albite  and  Pericline.  In  the  Albite  law,  the 
brachypinacoid,  ocPob,  jOlOj,  which  is  no  longer  a  plane  of  sym- 
metry as  in  the  previous  system,  serves  as  twinning  plane  and  com- 
position face,  and  forms  polysynthetic  twins,  which  leaves  a  fine 
striation  on  the  basal  cleavage  face  of  the  Plagioclase.  Twinning 
striations  can  be  distinguished  from  all  other  kinds  by  the  fact  that 
one  set  reflect  the  light  and  are  glistening,  while  those  of  the  alter- 
nate set  are  dull;  but  on  a  slight  revolution  the  effect  is  reversed, 
and  those  formerly  dull  become  glistening.  This  is  one  of  the  chief 
means  of  determining  these  Feldspars  from  Orthoclase.  In  the 
Pericline  law,  the  twinning  axis  is  the  h  axis,  while  the  twinning 
plane  normal  to  this  is  not  a  possible  crystal  face.  It  is  a  plane 
normal  to  the  macro  zone,  and  is  perpendicular  to  the  combination 
edge  of  base  with  macropinacoid.  The  composition  face  is  what  is 
called  the  rhombic  section,  which  is  a  plane  passing  through  the 
crystal  in  such  a  direction  that  its  intersections  with  the  prismatic 
faces  and  the  brachypinacoid  make  equal  angles  with  each  other. 
Crystals  twin  polysynthetically  after  this  law  and  produce  striations 
on  the  brachypinacoid  which  make  different  angles  in  the  different 
Plagioclase  because  of  the  different  position  of  the  rhombic  section 
which  varies  rapidly  with  the  angle  y.     In  Albite  it  inclines  down- 
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ward  toward  the  rear  at  an  angle  of  about  20°,  while  in  Anorthite  it  j 

inclines  downward  toward  the  front  at  an  angle  of  15°.     Microcline, 
which  is  not  a  Plagioclase,  twins  after  all  five  laws. 

A  summary  of  the  most  common  twinning  laws  is  as  follows : 

Isometric. 

Holohodral,  (),  {111},  Spinel  law.  .Spinel,   Fluorite,   Galena,   Dia- 
mond. 

Hemihedral,  ooO,  {110},  Iron  Cross,  Supplementary P3rrite. 

Hemihedral,  x  O  oo ,  { 100 } ,  Supplementary . .  Tetrahedrite,  Diamond. 

Tetragonal. 

Holohedral,  Poo,  {101} Zircon,  Rutile,  Cassiterite. 

P,  {111 j Chalcopyrite. 

Hemihedral,  ooPc»,  {lOOj Scheelite. 

Hexagonal. 

Holohedral,  P,  { 111 } Pyrrhotite. 

iP,  fP Trid>Tnite. 

Hemihedral,  OR,  -^R,  R,-2R.. .  .Calcite. 

Tetartohedral,  oo  P Dauphin6,  two  rights  ^ 

or  two  lefts 
Tetartohedral,  ooP2. 
P2 


P2  ) 

^    '  >   Brazil,  right  and  left. 


Quartz. 


Orthorhombic. 


Holohedral,  ooP,  {110}  Aragonite 

law Aragonite,  Cerussite,  Marcasite, 

Arsenopyrite. 
Holohedral,  Poo,  {101} Arsenopyrite,  Marcasite. 

fpf  .'.y.v.v.v.v.!  \  \  \  s^^^^oi^*^- 

Monodinic  System. 

Holohedral,  oo  P* ,  j  100} Gypsum,     Pyroxenes,    Amphi- 

boles. 
Holohedral,  ooPdo,  {100}  Carlsbad  law. 

' '  2Poo  Baveno  law \  Orthoclase. 

OP,   {001}   Mannebach  law. 
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Triclinic  System, 
flolohednd,  ooP*,  {010},  Albite  law. . . .  i 
"  b  axis  is  twinning  axis,  Peri- 

cline  law i  Plagioclase      Feldspars 

Holohedral,  xP^  ,  ilO(Jj,  Carlsbad  law. .  ^      and  Microclino. 

2P'^,  Bavono  law 

OP,  !001  i ,  Mannebach  law..  .  j 

Irregular  Homogeneous  Aggregates. 
These  are  formed  when  crj-stallization  begins  at  the  same  time 
at  many  separated  points  in  a  saturated  solution  or  cooling  magma. 
Individuals  are  formed  whose  molecular  structures  are  entirely 
independent  of  each  other,  although  they  are  of  the  same  substances. 
Many  Marbles  belong  to  this  di\ision. 

Isomorphous  Growths. 
Sul>stances  are  isomorphous  which  have  an  analogous  chemical 
composition  and  similar  crystallization,  with  angles  nearly  the  same 
and  additive  physical  properties.  The  size,  shape,  and  arrange- 
ment of  their  physical  molecules  must  be  nearly  alike,  since  the 
proof  or  test  of  isomorphism  is  the  ability  of  molecules  of  two  or  more 
substances  to  enter  indiscriminately  into  the  formation  of  a  single 
crystal.  This  subject  was  first  studied  by  Edward  Mitscherlich 
of  Vienna  in  1819.  The  law  of  isomorphism  may  be  stated  as  fol- 
lows: ''Substances  whose  molecuU\s  contain  equal  numbers  of 
atoms,  similarly  arranged,  crystallize  in  similar  though  not  identical 
crystal  forms.'*  In  most  cases,  though  not  always,  substances  are 
isomorphous  if  one  crystal  will  continue  growing  in  a  saturated 
solution  of  another  substance.  If  an  octahedron  of  dark  chromium 
almn  is  suspended  in  such  a  solution  of  potash  alum,  it  is  soon  cov- 
ered by  a  transparent  layer  of  the  latter  salt  in  parallel  orientation. 
This  may  be  again  covered  with  the  chromium  compound,  and  the 
process  repeated  indefinitely,  forming  many  successive  zones  with 
the  production  of  a  zonar  or  zonal  structure  which  is  generally  an 
indication  of  an  isomorphous  growth,  each  layer  being  of  slightly 
different  composition.  It  is  common  to  see  such  structures  in  the 
micas  where  one  layer  has  a  little  more  coloring  matter  than  an- 
other.    In  the  Moor's  heads  of  Tourmaline  from  Elba,  there  is  a 
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colorless  to  pink  part  surmounted  by  a  jet-black  top.  We  also 
find  similar  indications  among  the  Garnets,  Amphiboles,  Pyroxenes, 
and  Feldspars,  all  of  which  are  isomorphous.  A  very  frequent  iso- 
morphous  group  is  composed  of  Calcite,  Dolomite,  Magnesite, 
Siderite,  Rhodochiosite,  and  Smithsonite,  which  mix  in  every  pro- 
portion, so  that  it  is  rare  to  find  one  pure.  Aragonite,  Witherite, 
Strontianite,  and  Cerussite  are  also  isomorphous.  If  Calcite  is 
suspended  in  a  sodium  nitrate  solution  we  get  a  parallel  orientation, 
but  the  substances  are  not  strictly  isomorphous,  but  belong  more 
properly  to  the  following  class. 

Regular  Orou^ia. 

Substances  which  have  no  similarity  of  composition  or  crystal 
form  often  tend  to  assume  a  regular  arrangement  with  respect  to 
each  other.  For  instance,  the  tetragonal  Rutile,  TiOj,  grows  upon 
the  rhombohedral  Ilmenite,  (Fe,Ti)30j,  so  that  its  oo Poo  coincides 
with  the  basal  pinacoid  of  the  latter,  and  the  vertical  axis  of  the 
Rutile  is  in  the  direction  of  the  intermediate  lateral  axes  of  the 
Ilmenite.  Albite,  NaAlSisOg  (Tricl),  and  Orthoclase,  KAlSijOg 
(Mono),  or  Albite  and  Microcline,  KAlSiaOgCrricl),  so  imite  that 
their  prisms  and  basal  pinacoids  are  parallel.  The  orthorhombic 
Pyroxenes  unite  with  the  monoclinic  ones  so  that  the  macropinacoid 
of  the  former  coincides  with  the  clinopinacoid  of  the  latter.  A  par- 
tial parallelism  of  arrangement  occurs  frequently  between  inclu- 
sions and  including  minerals  which  is  called  the  host  Thus  Mag- 
netite arranges  itself  in  three  directions  at  60°  in  Muscovite,  as  does 
also  Rutile  in  Phlogopite  Mica,  which  in  the  latter  case  causes  the 
phenomenon  of  Asterism.  We  also  find  the  bitimiinous  matter 
peculiarly  orientated  in  the  variety  of  Andalusite  known  as  Chiasto- 
Ute,  and  volcanic  glass  is  more  or  less  arranged  in  Leucite. 

Irregular  Heterogeneous  Aggregaiea. 

This  is  the  most  general  form  of  grouping  crystal  aggregates 
which  is  possible.  It  is  entirely  due  to  chance,  and  obeys  no  laws. 
Such  a  grouping  is  found  in  most  rocks,  and  therefore  the  study  of 
such  aggregates  belongs  to  the  subject  of  Petrography,  which  is  the 
study  of  rocks,  rather  than  to  Mineralogy. 


306  GENERAL  AND  SPECIAL  MINERALOGY 

M.    Imperfections  in  Crystals. 

Before  leaving  the  subject  of  crjrstals,  it  is  well  to  devote  a 
short  time  to  their  imperfections,  because  in  crystallography 
we  think  mostly  of  ideal  farms.  At  the  beginning  of  the  subject, 
however,  the  statement  was  made  that  natural  crystals  rarely 
attain  a  perfect  development;  and  a  brief  consideration  of  some  of 
the  causes  of  imperfect  development  will  lead  us  to  the  more  thor- 
ough understanding  of  natural  crystals.  Causes  of  imperfection 
are: 

1.  Distortion  of  form. 

2.  Imperfection  of  crystal  planes. 

3.  Internal  impurity. 

Distortion  of  Form, 

The  most  common  cause  of  this  is  imequal  rapidity  of  growth 
in  different  directions,  which  may  lead  to  the  disguising  of  tbe  true 
form  or  even  the  crowding  out  of  certain  faces  altogether  (Merohe- 
drism).  In  the  isometric  system  an  elongation  in  the  direction  of  a 
principal  axis  produces  a  tetragonal;  in  the  direction  of  the  trigonal, 
a  rhombohedral;  and  in  the  direction  of  the  diagonal  axis,  an  ortho- 
rhombic  appearance,  as  can  be  seen  especially  well  in  the  case  of 
the  rhombic  dodecahedron.  When  accompanied  by  merohedrism, 
forms  will  be  obtained  which  are  almost  impossible  to  decipher. 
Other  imperfections  are  caused  by  the  bending  or  breaking  of  crjrs- 
tals  by  external  mechanical  forces  due  to  movements  of  the  earth's 
crust,  resulting  from  loss  of  heat.  Gypsum  and  Stibnite  generally 
bend,  while  Beryl  and  Tourmaline  are  often  broken.  Another 
source  of  imperfection  is  due  to  the  fact  that  one  end  of  a  crystal  is 
generally  attached  to  some  object,  and  is  therefore  prevented  from 
assuming  all  its  characteristic  planes.  Crystals  that  are  bounded 
on  all  sides  by  their  own  planes  are  comparatively  rare. 

Imperfection  of  Crystal  Planes. 

Faces  which  perfectly  reflect  the  light  are  also  quite  exceptional 
on  crystals.  Irregularities  are  produced  by  (1)  striation,  (2) 
curvature,  (3)  uneven  growth,  (4)  corrosion. 
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1.  Striation  may  be  produced  by  the  union  of  many  individuals 
in  parallel  or  reversed  position.  The  first  case  is  what  is  called 
oscillatory  combination  of  two  contiguous  planes.  Cubes  of  Pyrite 
have  their  faces  striated  in  one  direction  which  is  perpendicular  to 
the  striation  on  all  contiguous  faces;  this  is  due  to  the  oscillatory 
combination  of  cube  with  pentagonal  dodecahedrons,  and  shows 
that  the  former  has  but  three  secondary  planes  of  synunetry  at 
right  angles,  and  is  therefore  not  a  holohedral  cube.  Quartz  is 
striated  horizontally  on  the  prism  face  because  of  similar  combina- 
tion, or  rather  alternate  development  of  prism  and  a  steep  rhombo- 
hedron.  Tourmaline  is  vertically  striated  because  of  the  alternate 
development  of  different  kinds  of  prisms.  Striation  may  also  be 
produced  by  polysynthetic  twinning.  Examples  of  this  are  com- 
mon among  the  Plagioclase  Feldspars,  which  twin  after  the  Albite 
law,  ooP*  ^  which  is  also  the  composition  face,  and  therefore  causes 
striations  on  the  base.  As  previously  explained,  since  the  contigu- 
ous lamellae  are  in  reversed  positions,  only  alternate  sets  are  parallel 
and  will  reflect  the  light  at  the  same  time.  Striations  due  to  this 
cause  are  also  found  on  Calcite,  Aragonite,  Cordierite,  and  Barite. 
In  Microcline  we  find  two  sets  of  striations  on  the  base  at  right 
angles  because  of  compound  polysynthetic  twins  after  Albite  and 
Pericline  laws. 

2.  Curvature  of  Crystal  Planes. — ^This  may  be  due  to  a  very 
fine  oscillatory  combination,  as  in  the  case  of  Tourmaline,  or  to 
some  irregularity  of  growth,  and  perhaps  might  be  caused  by 
imperfect  parallelism  among  the  sub-individuals  which  make  up  a 
crystal.  Curved  faces  are  a  fairly  constant  property  on  some 
minerals,  such  as  Diamond,  which  has  all  faces  curved  except  those 
of  the  octahedron.  Dolomite  occurs  in  forms  which  imperfectly 
resemble  saddles,  and  Gypsum  also  occurs  in  rounded  forms  at 
times. 

3.  Uneven  Growth. — This  results  in  irregularities  on  cr3rstal 
faces,  especially  where  growth  is  too  rapid,  so  that  skeleton  crystals 
are  formed  which  are  only  partially  filled  up,  as  in  the  hopper 
crystals  of  Halite.  A  rough  or  drusy  appearance  of  faces  is  caused 
by  the  projection  of  sub-individuals  above  the  general  surface,  as 
in  some  Fluorite.  Again,  crystal  planes  often  break  up,  especially 
near  their  combination  edges,  into  planes  having  very  nearly  but 
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not  quite  their  own  position.  The  intercepts  of  such  planes  are 
very  large,  if  not  ahnost  irrational,  and  have  been  called  by  Websky 
vicinal  planes.  They  are  very  common  on  the  rhombohedral  faces 
of  Quartz. 

4.  Corrosion. — ^This  occurs  after  the  formation  of  the  crystal  and 
results  in  the  rounding  of  the  edges  and  angles  by  solution  or  fusion. 
If  the  corrosion  is  not  great,  natural  figures  will  be  etched  which 
show  the  symmetry  of  the  face  on  which  they  are  situated.  Crys- 
tals in  lavas  and  other  igneous  rocks  often  are  corroded,  Quartz 
especially  showing  the  rounded  effect.  Many  minerals  which  occur 
in  crystalline  limestones  have  a  glazed  appearance,  aus  if  they  had 
been  melted.  Examples  are  Pyroxenes,  Apatite,  Titanite,  Spinel, 
and  some  Feldspars.  All  imperfections  of  crystal  faces  express  the 
symmetry  of  the  form.  Some  are  smooth,  while  others  are  rough 
or  striated;  some  are  dull  and  others  are  bright;  but  all  similar 
faces  are  affected  alike. 

IrUemal  Impurities  of  Crystals. 

These  inclusions  may  be  of  primary  or  secondary  origin,  and 
either  regularly  or  irregularly  arranged.  There  are  six  kinds  of 
inclusions,  which  may  be  distinguished  as  follows: 

(1).  Dilute  Pigment,  which  is  intermolecular  and  generally  not 
determinable.  The  true  color  of  Tourmaline  is  grayish  white,  but 
the  natural  colors  of  crystals  are  black,  brown,  pink,  green,  and  blue. 
The  colors  of  minerals  may  sometimes  be  altered  by  heat,  and  even 
removed,  which  leads  to  the  conclusion  that  volatile  hydrocarbons 
are  in  such  instances  the  coloring  matter  as  in  the  case  of  Smoky 
Quartz,  and  some  blue  Halite.  Yellow  Brazilian  Topaz  becomes 
permanently  pink  on  heating. 

(2).  Gas  inclusions  occur  in  crystals  of  aqueous  and  igneous 
origin.  Methane,  hydrogen,  and  hydrogen  sulphide  have  been 
found  in  Halite,  while  carbon  dioxide  is  found  in  the  Quartz  of  Gran- 
ite and  in  Topaz. 

(3).  Fluid  inclusions  have  been  found  in  Halite,  Quartz,  Topaz, 
Beryl,  and  Diamond.  The  cavity  may  be  irregular  or  may  possess 
the  shape  of  the  host,  in  which  case  it  is  called  a  negative  crj'^stal. 
The  liquid  is  most  commonly  water  or  the  mother  liquor  of  the  solu- 
tion from  which  crystallization  took  place.    Halite  has  inclusions 
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of  brine.  Quartz  and  Topaz  frequently  contain  liquid  carbon 
dioxide. 

(4).  Glass  inclusions  are  found  in  volcanic  rocks,  and  they 
represent  amorphous  particles  of  the  igneous  magma.  Such  inclu- 
sions generally  have  more  than  one  bubble,  which  distinguishes 
them  from  liquid  and  gaseous  kinds.  In  the  lavas  of  Mt.  Vesuvius 
and  elsewhere  in  Italy  we  find  glass  inclusions  arranged  around  the 
circumference  of  icositetrahedrons  of  Leucite. 

(5).  Inclusions  of  unindividualized  matter  are  common,  as  in 
the  case  of  clay  found  in  Halite  and  Gypsum,  or  of  bituminous 
matter  in  Chiastolite. 

(6).  Minute  crystals  of  foreign  substances  are  often  included  in 
larger  ones,  which  may  give  a  peculiar  color  or  luster  to  the  latter, 
as  in  the  case  of  the  Hematite  scales  in  Halite,  Camallite,  and  the 
variety  of  Oligoclase  called  Simstone.  Rutile  in  Mica  has  already 
been  mentioned.  Hypersthene  and  Bronzite  have  a  metallic  luster 
or  Schiller  due  to  the  minute  crystal  scales  which  are  thought  to  be 
Ilmenite.  The  change  of  color  on  the  brachypinacoid  of  Labra- 
dorite  has  also  been  explained  by  the  presence  of  minute  crystals. 

N.    Crystalline  Aggregates. 

We  find  that  many,  if  not  most,  minerals  occur  not  as  crystal 
ndividuals,  or  even  as  crystal  aggregates,  but  as  masses  of  imper- 
fect crystals  which  are  called  crystalline  aggregates.  Even  the 
finest  of  these  are  generally  made  up  of  grains  or  some  other  shape 
which  possesses  all  crystal  properties  except  that  of  form.  Under 
this  head  are  included  all  the  more  common  varieties  of  structure 
to  be  found  among  minerals.  These  imperfectly  crystallized 
forms  have  three  general  structural  types: 

I.    Columns  or  fibers,  giving  columnar  structure. 
II.    Thin  laminae,  plates,  or  scales,  producing  lamellar  structure. 

III.     Grains,  constituting  granular  structure. 

In  addition  to  these  three,  a  fourth  division  (IV)  called  Imitative 
Shapes  will  be  treated  under  this  head. 

I.     Columnar  Structure. 

A  mineral  has  this  structure  when  composed  of  slender  columns 
or  fibers.    There  are  four  varieties; 
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1.  Fibrous,  or  fibriform:  when  the  columns  or  fibers  are  parallel. 
Examples,  Gypsum,  Asbestos,  Chrysotile.  Fibrous  minerals  often 
possess  a  silky  luster.  According  to  general  usage,  a  structure 
especially  designated  as  columnar  would  be  coarsely  fibrous. 

2.  Reticulated:  when  the  fibers  or  columns  cross  in  various 
directions,  producing  a  net-like  appearance. 

3.  Stellated,  or  stellular:  when  the  columns  or  fibers  radiate 
from  a  center  in  all  directions,  making  star-like  forms  like  Stilbite 
and  Wavellite. 

4.  Radiated  or  divergent:  when  the  crystals  radiate  from  a 
center  without  producing  stellar  forms.    Example,  Stibnite. 

II.  Lamellar  Structure, 

The  structure  of  a  mineral  is  lamellar  when  formed  in  plates, 
leaves,  or  scales.    Varieties: 

1.  Straight  lamellar:  when  the  plates  are  straight  as  in  Gypsum. 

2.  Curved  lamellar:  when  the  leaves  are  curved  as  in  Talc. 

3.  Micaceous  or  foliaceous:  when  the  laminae  are  thin  and  easily 
separable  as  in  Mica  and  Chlorite. 

III.  Gramdar  Structure. 

Crystalline  aggregates  are  granular  when  they  consist  of  grains 
which  may  differ  in  size: 

1.  Coarse  granular,  such  as  many  crystalline  limestones  or 
marbles  which  are  sometimes  called  saccharoidal  limestones  because 
of  their  resemblance  to  loaf  sugar  in  size  as  well  as  general  appear- 
ance. 

2.  Fine  granular,  as  seen  in  some  Quartz. 

3.  Impalpable,  if  the  grains  are  not  distinguishable  by  the  naked 
eye,  as  in  Chalcedony. 

The  above  terms  are  indefinite,  because  there  must  be  every 
gradation  from  coarsest  to  finest  grain.  The  word  phanerocrystaUine 
has  been  used  for  varieties  in  which  the  grains  are  discernible  by 
the  eye,  and  cryptocrystaUine  for  substances  in  which  the  grains 
are  not  distinguishable.  Granular  minerals  when  easily  crumbled 
in  the  fingers  are  said  to  be  friable. 
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IV.    Imitative  Shapes, 

We  often  find  minerals  in  peculiar  shapes  which  imitate  organic 
substances.  To  this  class  belong  other  shapes  which  are  useful  in 
description. 

1.  Reniform:  kidney  shape,  often  with  radiating  or  concentric 
structure.    Example,  Hematite. 

2.  Botryoidal:  consisting  of  rounded  prominences.  The  name 
is  derived  from  the  Greek,  BoLruSy  meaning  bunch  of  grapes,  since 
there  is  a  marked  resemblance.  Example,  Limonite,  Chalcedony, 
Prehnite. 

3.  Mammillary:  resembling  the  botryoidal  but  composed  of 
larger  prominences.  The  word  comes  from  the  mammilla,  or 
nipple,  owing  to  the  similar  appearance. 

4.  Globular:  spherical  or  nearly  so.  The  globtdes  may  consist 
of  radiating  fibers  or  concentric  coats. 

5.  Nodular:  having  a  rounded  irregular  shape.  The  name  is 
derived  from  the  Latin,  NodvluSj  meaning  little  knot.  Example, 
FKnt. 

6.  Amygdaloidal:  almond  shape.  The  term  is  usually  applied 
to  the  elliptical  globules  found  in  lavas.  The  amygdules  represent 
the  original  steam  cavities  of  the  lava  which  have  been  filled  with 
secondary  minerals  resulting  from  the  decomposition  of  the  original 
minerals  of  the  rock.  The  long  direction  of  the  amygdule  is  the 
direction  of  lava  flow.  Many  Zeolite  minerals  occur  in  these  almond- 
shape  forms. 

7.  Coralloidal:  like  coral,  consisting  of  interlaced  windings 
and  branchings  of  white  color,  as  in  the  variety  of  Aragonite  called 
Flos  Ferri. 

8.  Dendritic :  branching  forms  imitating  plants,  such  as  mosses, 
seaweeds,  and  ferns  in  delicate  tracery,  as  in  certain  manganese 
minerals.  Dendrites  seem  to  be  caused  in  cracks  of  rocks  by  the 
precipitation  of  minerals  from  solution  aided  by  capillary  action; 
they  are  always  thin  and  film-like  and  most  commonly  consist  of 
Wad,  an  impure  hydrous  manganese  oxide. 

9.  Arborescent:  tree-like,  and  similar  to  dendritic,  but  is  applied 
to  forms  not  so  film-like  but  to  thicker  forms  branching  in  all  direc- 
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tions,  as  in  some  Gold,  Silver,  and  l^ismuth.     Silver  which  is  pre- 
cipitated from  solution  shows  very  typical  arborescent  shapes. 

10.  Filiform  or  capillary:  very  slender  and  long,  like  a  thread 
or  hair.     Example,  Millerite. 

11.  Acicular:    needle-hke.     Example,  Malachite,  Aragonite. 

12.  Reticulated:  net-like.     Example,  Rutile,  Magnetite  in  Mica. 

13.  Drusy:  closely  covered  with  minute  implanted  crystals 
giving  a  slightly  rough  appearance,  as  in  some  Quartz. 

14.  Stalactitic:  occurring  in  pendent  columns,  cylinders,  or 
elongated  cones  more  or  less  resembling  icicles.  Their  internal 
structure  may  be  granular  or  fibrous.  Common  stalactites  consist 
of  CaCOg  mostly  in  the  form  of  Calcite,  although  some  are  Aragonite. 
They  are  deposited  from  water  which  has  percolated  through  the 
ground  and  rocks  taking  up  the  lime  in  solution,  finally  dripping 
from  the  walls  and  roofs  of  caves  until  evaporation  causes  the  pre- 
cipitation of  the  mineral.  The  following  reaction  takes  place, 
CaC()3-fC02  +  H30  =  H,Ca(C03)2,  which  is  soluble.  When  by 
evaporation  or  release  of  pressure  the  carbon  dioxide  escapes,  the 
reverse  action  takes  place  and  the  lime  is  precipitated.  Other 
stalactitic  minerals  are  Chalcedony  and  Limonite. 

15.  Concretionary':  refers  to  aggregations  of  various  shapes 
which  are  most  generally  more  or  less  spherical  or  flattened,  some- 
times being  arranged  in  concentric  layers.  Concretions  occur 
most  frequently  in  argillaceous  or  clay  rocks,  often  about  some 
organic  substances  such  as  shells  or  plants  which  seem  to  have 
been  the  cause  of  the  precipitation,  possibly  by  their  decomposi- 
tion.    Pyrite,  Marcasite,  and  Gypsum  occur  often  in  concretions. 

16.  Oolitic:  refers  to  a  mass  of  small  concretions  resembling  fish- 
roes.     Example,  Hematite. 

17.  Pisolitic:  this  term  is  applied  to  an  aggregate  of  concre- 
tions the  size  of  peas.     Examples,  Aragonite,  Bauxite. 

18.  Geodic:  geodes  are  hollow  concretions  whose  walls  are  often 
lined  with  crystals,  most  commonly  of  Quartz  and  Calcite. 

0.     Hkteromorphism. 

This  is  the  occurrence  of  the  same  chemical  compotmd  as  more 
than  one  mineral  with  different  crystal  form  and  physical  prop- 
erties.   When  the  same  substance  occurs  as  two  minerals  it  is  said 
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to  be  dimorphous;  if  in  three  forms  it  is  triniorphous.    Thus  we 
have: 

i  Isometric,  as  Diamond,  Sp.  G.  3.53,  hard,  vitreous  luster. 
Hexagonal,  as  Graphite,  Sp.  G.   2.1,  soft,  with  metalUc 
luster. 
{Hexagonal  Rhombohedral,  as  Calcite,  Sp.  G.  2.72,  perfect 
cleavage.  ^ 

Orthorhombic  as  Aragonite,  Sp.  G.  2.93,  no  cleavage. 
^  Hexagonal  Rhombohedral,  Trapezohedral  Tetartohedral 
as  Quartz,  Sp.  G.  2.65,  insoluble  in  NaOH. 
Hexagonal  Holohedral,  Tridymite,  Sp.  G   2.29,  soluble  in 

NaOH. 
Orthorhombic  (?),  Crj^ptocrystalline,  Chalcedony,  Sp.  G. 
2.59-2.64. 

I  Tetragonal,  Rutile,  prisms  with  pyramids,  Sp.  G.  4.18-4.25. 
Tetragonal,  Octahedrite,  pyramids  alone,  Sp.  G.  3.82-3.95. 
Orthorhombic,  Brookite,  Sp.  G.  3.87-4.01. 
Among  heteromorphic  minerals,  one  is  generally  more  stable 
than  the  rest,  and  we  find  that  the  less  stable  forms  pass  into  the 
more  stable  ones  by  the  help  of  natural,  or  at  times  artificial,  agents. 
Thus  if  Aragonite  is  heated  to  300^  C.  it  falls  into  a  granular  powder 
which,  if  examined  with  a  magnifying  glass,  is  found  to  consist 
of  rhombohedrons  and  therefore  has  changed  to  Calcite.  Rutile 
is  the  most  stable  of  the  titanium  oxides,  and  we  find  it  in  the 
crystal  forms  of  both  the  others. 

P.      ISODIMORPHISM. 

This  is  the  occurrence  of  a  dimorphous  series  of  minerals  in 
which  the  members  of  each  similar  series  are  isomorphous  with 
each  other.    There  is  only  one  such  group,  as  follows: 

Isometric ' Orthorhombic. 

Pyrite FeS, Marcasite. 

Cobaltite CoSAs Glaucodot. 

Smaltite CoAsj Safflorite. 

Chloanthite.  ...NiAs, Ranamelsbergite. 

Gersdorfite NiSAs Wolfachite. 

,  The  isometric  minerals  are  isomorphous,  as  are  the  orthorhombic 
ones. 
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Q.    Pseudomorphism. 

This  is  the  occurrence  of  one  mineral  in  the  crystal  form  of 
another.  In  such  a  case  the  form  is  not  an  essential  characteristic 
of  the  substance,  since  it  does  not  belong  to  the  secondary  mineral, 
on  which  account  'psevdanior'phs  were  excluded  in  the  definition  of  a 
crystal.  The  form  alone  is  there,  but  the  internal  molecular  arrange- 
ment which  belongs  to  the  form  is  absent.  The  most  frequent 
pseudomorphs  are  Quartz  in  the  form  of  Calcite  and  Barite;  liimo- 
nite  in  the  form  of  Pyrite,  Calcite,  and  Siderite.  It  is  customary 
to  use  the  word  "after"  instead  of  "in  the  form  of "  in  discussing 
such  forms,  thus:  Limonite  after  Pyrite.  Pseudomorphs  may  be 
classed  as  follows: 

1.  Pseudomorphs  by  Simple  Deposition. 

A.  Incrustation. 

B.  Infiltration. 

2.  Pseudomorplis  by  Displacement. 

3.  Pseudomorphs  by  Alteration. 

A.  Assumption  of  an  ingredient. 

B.  Lass  of  an  ingredient. 

C.  Exchange  of  constituents  in  part. 
I).  Without  change  of  composition. 

1.  Pseutlomorphs  by  Simple  Deposition  are  unimportant. 

A.  Incrustation.  Here  coatings  of  one  mineral  occur  over 
another,  as  in  the  case  of  crusts  of  Quartz  on  Fluorite.  In  general 
the  removal  of  the  original  mineral  has  gone  on  simultaneously 
with  the  deposition  of  the  second,  so  that  the  resulting  pseudo- 
morph  is  finally  one  of  displacement. 

B.  Infiltration.  This  kind  would  occur  where  a  cavity 
which  was  formed  by  the  solution  of  a  crystal  has  been  filled  by 
the  deposition  of  another  mineral.  In  this  manner  Calcite  could 
be  dissolved  and  the  vacant  space  filled  with  (Juartz.  In  some  of 
the  sedimentary  rocks  we  find  clay  in  the  form  of  Halite.  This  can 
be  explained  by  supposing  that  the  beach  was  impregnated  with 
salt  water,  which  by  evaporation  formed  salt  crystals  that  were 
afterwards  dissolved  and  the  cavities  filled  by  the  fine  clay  mud 
washed  up  by  the  waves. 

2.  Pseudomorphs  by  Displacement  embrace  those  cases  where 


224  GENERAL  AND  SPECIAL  MINERALOGY 

there  has  been  a  gradual  removal  of  the  original  mineral  accom- 
panied by  the  simultaneous  replacement  of  it  by  a  second  sub- 
stance without  any  chemical  action  between  the  two.  In  such 
pseudomorphs  there  is  generally  no  relation  between  the  chemical 
compositions  of  the  minerals  involved.  We  see  frequent  examples 
of  this  class  in  ore  veins  where  the  most  common  of  the  accompany- 
ing minerals,  called  gangue  minerals  or  veinstones,  are  Quartz, 
Calcite,  Barite,  and  Fluorite  in  the  order  given.  These  ore  veins 
are  in  some  respects  a  chemical  laboratory,  but  things  happen  in 
them  which  chemists  cannot  accomplish.  For  example,  we  find 
crystals  of  Quartz  with  a  prism  angle  of  101°  41'  inst<)ad  of  120°. 
The  form  belongs  to  Barite,  which  the  Quartz  has  displaced,  retain- 
ing the  form,  yet  in  the  laboratory  both  substances  are  very  insolu- 
ble. We  also  find  Quartz  after  Calcite  and  Pluorite.  Quartz  after 
Chrysotile  and  Asbestos  makes  what  is  called  Cat's  Eye,  while  the 
Tiger  Eye  used  so  much  in  ornaments  is  Quartz  after  an  Amphibole 
known  as  Crocidolite.  We  sometimes  find  Talc,  H2Mg3Si40i2,  after 
Quartz  where  there  can  be  no  possible  relation  between  the  two,  and 
consequently  must  be  a  pscudomorph  by  displacement.  Cassiterite 
has  also  been  found  after  Orthoclase. 

3.  Pseudomorphs  by  Alteration  include  by  far  the  greatest 
proportion  of  all  pseudomorphs.  In  this  kind  we  often  find  con- 
clusive evidence  of  the  change  in  the  presence  of  a  kernel  of  the 
imaltered  mineral  at  the  center,  if  the  specimen  is  broken  open. 
For  example,  we  find  Pyrite  in  the  center  of  a  cube  of  Limonite  or 
Cuprite  in  an  octahedron  of  Malachite. 

A.  Assumption  of  an  ingredient.  We  find  Malachite, 
CuC03.Cu(OH)2, after  Cuprite, CUaO, so  that  the  carbon  and  water 
have  been  added.  We  also  find  Malachite  after  Copper,  in  which 
case  the  same  substances  have  been  taken  up  in  a  greater  amount. 
In  sedimentary  rocks,  Gypsum,  CaS04  +  2H2O,  is  found  after  Anhy- 
drite, CaSO^.  The  former  has  a  Sp.  G.  of  2.31-2.32,  while  Anhydrite 
has  2.89-2.98,  so  that  the  passage  of  this  to  Gypsum  means  a  con- 
siderable increase  in  volume  which  at  times  causes  the  bending  and 
breaking  of  the  rocks. 

B.  Loss  of  an  ingredient.  We  find  Copper  after  Cuprite, 
CU2O;  Silver  after  Proustite,  AgjAsSj,  and  Pyrargyrite,  AggSbS,; 
Hematite,  FCjOg,  after  Magnetite,  Fe304. 
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C.  Exchange  of  constituents  in  part.  This  is  caused  by  the 
agency  of  water,  oxygen,  and  carbon  dioxide,  and  probably  the 
largest  proportion  of  pseudomorphs  falls  under  this  subdivision. 
One  of  the  most  common  groups  in  which  this  occurs  is  the  Calcite 
group: 

Calcite,  CaCOj. 

Dolomite,  *(Ca,Mg)COs. 

Magnesite,  MgCO,. 

Siderite,  FeCO,. 

Rhodochrosite,  MnCO,. 

Smithsonite,  ZnCOj. 
These  minerals  are  all  isomorphous  and  mix  with  each  other 
so  frequently  that  one  is  rarely  pure.  The  order  given  is  about 
that  of  their  solubility,  Calcite  being  mcxst  soluble.  Due  to  the 
partial  exchange  of  elements,  we  find  the  more  insolul)le  always 
pseudomorph  after  the  more  soluble  one,  so  that  wo  find  all  pseudo- 
morph  after  Calcite,  but  rarely  the  reverse.  Thus  we  find  Limonite 
after  Calcite  in  which  FeCOg  replaced  the  CaCOg,  and  was  finally 
oxidized  and  hydrated  to  Limonite.  Wo  also  find  Pyrohisito  after 
Calcite,  which  happened  in  the  same  way  through  Rhodochrosite. 
A  very  frequent  change  in  rocks  is  that  of  Orthoclase  and  other 
Feldspars  into  Kaolin  and  Muscovite.  This  alteration  is  more 
easily  imderstood  if  we  compare  what  seems  to  be  their  most 
plausible  constitutional  formulae.  Orthoclase  is  KAlSigOg,  but  if 
we  triple  it  to  compare  better  with  Muscovite,  H2KAl3(Si04)s,  while 
KaoUn  is  H4Al2Si208.  Their  constitutional  formulje  have  been 
written  as  follows: 

ySifi,  =  Ai  /Si04=Al 

Orthoclase  Al^SijO, = Al    Muscovite  Al^SiO  =  Al 
XSigOgsK  \Si04  =  KH2 

/SiO^sAl 
Kaolinf-Si04  =  H3 
\0H 

It  can  easily  bfe  seen  that  if  Kaolin  or  Muscovite  are  pseudo- 
morph after  Orthoclase,  SiOj  must  be  deposited,  since  both  these 
minerals  are  orthosilicates.  As  a  matter  of  fact,  wo  generally  find 
Quartz  accompanjdng  the  pseudomorph.  An  inspection  of  the 
formulae  also  shows  that  in  the  Muscovite  part  of  the  alkalies  are 
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taken  away  and  that  the  Feldspar  has  become  hydrated,  while  in 
Kaolin  all  sdkalies  and  more  silica  are  removed.  Much  Kaolin 
and  its  impure  form,  clay,  result  in  this  way  from  the  weathering 
of  the  Feldspars.  Serpentine,  H4Mg3Si209,  occurs  pseudomorph 
after  Olivine,  MgjSi04.  Here  also  is  a  great  increase  in  volume, 
since  the  former  has  a  specific  gravity  of  2.7,  while  the  latter  has  3.4, 
and  where  we  find  Serpentine  we  often  find  bends,  folds,  and  slicken- 
sides  in  the  rocks,  caused  by  the  pressure  incident  to  the  great 
volume  increase. 

D.  Without  change  of  composition,  which,  of  course,  can  only 
happen  in  a  heteromorphous  substance.  This  is  known  as  pseudo- 
morphism by  paramorphism.  We  find  Rutile  paramorph  after 
Octahedrite  and  Brookite,  since  it  is  the  most  stable  form,  but  the 
reverse  never  occurs.  We  also  find  Calcite  after  Aragonite,  and 
the  Pyroxenes  tend  to  pass  over  into  the  corresponding  Amphibole 
molecule  by  the  process  of  urcUitization,  as  it  is  called.  We  find  an 
eight-sided  Pyroxene  form  which  shows  the  cleavage  and  other 
properties  of  Amphibole. 

Pseudomorphs  are  useful  in  studying  the  constitution  of  min- 
erals, especially  where  they  occur  by  alteration,  since  where  such  a 
substance  is  pseudomorphous  after  another,  it  is  only  logical  to 
suppose  that  there  is  a  similarity  of  constitution.  If  we  can  once 
find  a  reasonable  constitutional  formula,  then  it  is  possible  to  trace 
it  through  similar  compounds  in  the  same  niarmer  as  in  organic 
chemistry,  where  we  change  from  halogen  to  hydroxy  I,  carboxyl, 
and  other  radicals.  We  cannot  substitute  directly  in  minerals 
because  they  are  so  resistant  that  they  must  be  totally  decomposed, 
so  we  see  that  pseudomorphs  offer  us  about  the  only  opportunity 
in  Mineralogy  to  trace  out  the  relation  between  different  minerals. 


SECTION  2.    CHEMICAL  MINERALOGY. 

This  subject  deals  with  the  chemical  properties  of  minerals, 
which  are  of  two  kinds:  (1)  those  relating  to  the  chemical  compo- 
sition of  minerals,  which  is  considered  more  particularly  under 
Descriptive  Mineralogy;  (2)  those  depending  on  the  chemical  re- 
actions of  minerals  with  different  reagents,  which  belongs  more 
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properly  to  Blow-pipe  Analysis  and  Determinative  Mineralogy. 
All  the  elements  brought  to  our  attention  by  Chemistry  are  found 
in  minerals.  It  was  because  {be  minerals  were  first  observed  and 
then  analyzed  that  the  elements  were  discovered,  so  that  among 
the  older  chemists  Mineral  Chemistry  was  of  the  highest  impor- 
tance. 

A.    Mineral  FoRMULiB. 

Our  mineral  formulae  are  determined  by  the  analysis  which 
gives  the  elements  in  the  proportion  of  their  combining  weights. 
This  is  what  is  called  the  atomistic  or  empirical  formula,  which,  if 
oxygen  is  present,  may  be  resolved  into  the  oxygen  compounds, 
and  written  dualistically  according  to  the  method  of  Lavoisier  and 
Berzelius.  Thus  the  empirical  formula  of  Kaolin  is  H^AlgSijO,,  but 
dualistic  becomes  2H2O,  Alfi^,  2Si02.  We  will  give  two  examples 
of  the  method  of  obtaining  a  mineral  formula.  Friedrich  Wohler, 
the  discoverer  of  Aluminum  and  founder  of  Organic  Chemistry, 
while  professor  at  Gottingen  analyzed  a  silver  ore  from  Mexico 
called  Pyrargyrite  as  follows: 

Percent.  ^Wc  Cwabimng  orS?m&         ^TS?i^^° 

Wei«ht.  Weight.  Weights  found.  ***«'*• 

Ag  60.2  ^  108  =  0.5574  =  3.07  =  3 
Sb  21.8  -^  120  ==  0.1817  =  1.00  =  1 
S    18.0  -   32  =  0.5625  «   3.09   =    3 


100.0 


When  Wohler  obtained  3.07  and  3.09  for  the  proportions  of  the 
combining  weights,  he  concluded  that  they  were  due  to  slight 
inaccuracies  in  the  analysis,  and  that  the  true  proportion  should 
be  3  of  each,  which  gave  the  formula  AgjSbSj.  It  is  to  be  remem- 
bered that  the  elements  are  present  in  those  proportions  because 
the  formula  tells  us  nothing  further.  The  true  composition  is  a 
multiple  of  the  empirical  formula  perhaps  one,  ten,  or  one  hundred 
times  the  proportion  given,  so  that  to  be  accurate  the  formula 
should  be  written  (AgjSbSg)^.  Heinrich  Rose  analyzed  a  mineral 
from  the  Fassa  Thai  in  the  Austrian  Tyrol  called  Analcite  as  fol- 
lows: 
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Per  Cent. 

Molecular 
Weight. 

Combining 
Weight. 

Wei^ts.              *"«°- 

SiO,     55.12     - 

-         60      == 

0.9187      = 

4.18     =       4 

AljO,  22.99     - 

-     102     = 

0.2254     = 

1.03     =       1 

Na,0  13.53     - 

-      62     = 

0.2199     = 

1.00     =       1 

H,0      8.27     H 

-       18     = 

0.4594     = 

2.09     -       2 

99.91 

Written  dualistic  as  given  by  the  analysis,  we  obtain  2H2O, 
Na^O,  AljOa,  4SiO„  which  becomes  H4Na,Al2Si40H.  What  little  we 
know  of  structural  or  constitutional  formulse  has  been  obtained 
by  the  study  of  pseudomorphs  by  alteration.  In  minerals  we  meet 
with  binary  compounds  like  sulphides,  selenides,  tellurides,  chlo- 
rides, fluorides,  and  oxides,  and  we  find  ternary  substances  such  as 
carbonates,  sulphates,  and  silicates.  Since  so  many  minerals  belong 
to  the  silicates,  it  is  desirable  to  speak  of  them  somewhat  fully,  as 
well  as  the  acids  from  which  they  are  derived,  although  some  of  the 
latter  exist  only  in  their  salts,  and  not  alone  in  the  free  state.  It 
is  customary  to  speak  of  silicates  as  acid  or  basic  according  to  the 
amount  of  silicon  contained.  Disilicates  R^SijO^  are  salts  of  disi- 
licic  acid,  HjSijOj.  In  such  compounds  it  is  customary  to  compare 
the  amount  of  oxygen  belonging  to  metals  and  metalloids,  and  to 
designate  it  as  acid  oxygen  and  basic  oxygen.  In  disilicates  the 
oxygen  ratio  of  silicon  to  bases  is  obtained  from  the  dualistic 
formula  RO:2Si02,  which  gives  the  proportion  of  basic  to  acid  as 
1 : 4.  These  silicates  are  the  most  acid  ones  found.  Pol3n3ilicates, 
RJ^SigOg,  are  salts  of  polysilicic  acid,  H4Si,0a,  with  a  dualistic 
formula,  2R0 :  SSiOj,  giving  a  ratio  1:3,  on  which  account  they 
are  sometimes  called  trisilicates.  Metasilicates,  R^SiO,,  are  salts 
of  HjSiOj,  or  RO :  SiOj,  with  a  ratio  of  1:2,  on  which  account 
they  are  at  times  called  bisilicates.  Orthosilicates,  R?Si04,  are 
salts  of  orthosilicic  acid,  H4Si04,  or  2R0 :  SiOj,  giving  an  oxygen 
ratio  1  : 1  which  leads  to  the  name  unisilicates.  There  are  a  few 
groups  called  subsilicates,  where  basic  oxygen  to  acid  is  in  the 
proportion  of  4  : 3  and  3  : 2,  which  are  the  most  basic  silicates 
existing.     Most  compounds,  however,  are  meta-  and  orthosilicates. 

As  previously  stated,  minerals  give  certain  characteristic  re- 
actions with  chemicals,  which  serve  to  distinguish  one  from  another, 
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and  which  together  with  their  physical  and  crystallographic  char- 
acteristics are  brought  into  service  in  Determinative  Mineralogy. 
Most  chemical  tests  cannot  be  made  without  laboratory  equipment, 
but  of  recent  years  quahtative  tests  have  become  frequent  by 
means  of  the  microscope,  and  have  been  found  to  be  of  great  value 
to  the  mineralogist  and  potrographer.     This  subject  is  known  as 

B.      MU'KOCUKMICAL   ANALYSIS. 

The  principle  involved  is  the  formation  of  small  crystals  of 
definite  chemical  composition  which  may  be  recognized  by  the  use 
of  the  microscope.     The  chief  reagents  are  HjSiFe,  or  in  case  sili- 
cates are  present,  HF.     We  cover  a  thin  object-glass  with  Canada 
balsam,  then  warm  gently  until  the  balsam  hardens.     Next  a  few 
grains  of  the  cracked,  not  powdered,  mineral  are  placed  on  the 
balsam  and  covered  with  a  drop  of  acid,  which  is  allowed  to  evap- 
orate at  the  temperature  of  the  room.    The  resulting  substance  is 
a  soluble  mass  of  fluosilicates,  which  are  dissolved  in  a  drop  of 
water,  and  taken  up  in  capillary  pipettes  of  glass,  and  transferred 
to  a  clean  object-glass,  and  again  allowed  slowly  to  evaporate. 
When  dry,  this  preparation  is  examined  under  the  microscope  for 
the  crystals  present.    Care  must  be  taken  that  all  the  hydrofluoric 
acid  is  absent,  otherwise  the  microscope  objective  may  be  etched 
and  destroyed.     The  following  tests  are  characteristic: 
K2Sir5  cubes,  octahedrons  and  combinations  of  each,  with  some- 
times  the   rhombic   dodecahedron.     Crystals   have   a  weak 
refractive  index.     A  portion  taken  up  in  HCl  or  H2SO4,  with 
the  addition  of  PtCl^  gives  yellow  octahedrons  of  KjPtCl,. 
It  is  to  be  noted,  however,  that  Ammonium,  CsBsiimi,  and 
Rubidium  give  the  same  reaction. 
Na^SiFe  forms  hexagonal  crystals  bounded  by  ooP  and  OP  or  00  P 

with  P,  having  low  refractive  index  and  double  refraction. 
CaSiF^H-2H20  forms  monocUnic  crystals  which  most  commonly 
are  spindle-shape  and  in  rosette-like  groups  with  weak  re- 
fractive index  and  double  refraction.  If  dilute  HJ1SO4  is 
added,  we  obtain  the  more  characteristic  monoclinic  crystals 
of  Gypsum  bounded  by  ooP,  00 Poo,  and  —  P,  often  with  con- 
tact and  penetration  twins  after  00 Poo. 
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MgSiF,-h6H/)  occurs  in  hexagonal  rhombohedral  forms  bounded 
by  R  and  x P2  which  have  a  high  index  and  strong  double 
refraction.  If  we  add  NH^Cl  and  NH^OH  and  then  Micro- 
cosmic  Salt,  HNaNH4P04,  and  allow  to  evaporate,  we  obtain 
the  peculiar  orthorhombic  hemimorphic  crystals  of  Struvite, 
NH.MgPO.  +  GH^O. 

Alumina  separates  in  a  solution  of  H^SiF^  as  a  gelatinous  mass 
which  if  taken  up  with  H2SO4,  and  CsO  or  OsjS04  is  added, 
gives  crj'stals  of  Csesium  Alum,  ObA1(S04),+  12H,0,  which 
are  cubes  or  cubo-octahedrons  possessing  a  high  refractive 
index. 

Zirconia  is  extremely  difficult  to  test  by  the  methods  of  Qualitative 
Analysis,  but  here  is  comparatively  simple.  The  mineral  is 
fused  with  Na,CO,  in  the  proportion  of  1 : 2  for  a  few  minutes 
at  red  heat,  then  dissolved  in  hot  water.  After  this  we  acidify 
with  HCl  and  obtain  hexagonal  plates.  0.005  gm.  of  Zircon 
will  suffice  for  a  reaction. 

Titanium.  Although  not  a  microchemical  test,  we  find  that  the 
following  test  is  an  excellent  one  for  Titanium,  and  also  one 
not  generally  known.  Fuse  the  mineral  on  platinum  wire  with 
KHSO4,  break  off  and  place  the  bead  on  a  white  evaporating- 
dish,  and  add  a  drop  of  fresh  hydrogen  peroxide,  after  which 
an  orange-yellow  color  will  be  produced.  Faintest  traces  of 
Titanium  are  easily  detected. 


SECTION  3.    PHYSICAL  MINERALOGY. 

The  physical  properties  of  minerals  are  those  relating  to:  I. 
Cohesion  and  Elasticity^  such  as  cleavage,  fracture,  hardness,  and 
tenacity;  II.  Mass  and  Volume,  the  specific  gravity;  III.  light, 
the  optical  properties  of  minerals,  such  as  refraction,  dispersion, 
polarization,  color,  and  luster;  IV.  Heat;  V.  Electricity  and  Mag* 
netism;  VI.  Action  on  the  Senses,  as  taste,  odor,  and  feel. 

I.    Cohesion  and  Elasticity. 

By  cohesion  is  meant  the  attraction  existing  between  molecules 
of  the  same  substance  by  virtue  of  which  they  resist  a  force  trying 
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to  separate  them,  as  breaking  or  scratching.  On  cohesion  depend 
some  of  the  most  important  physical  properties  of  minerals,  such 
as  cleavage,  gliding  planes,  fracture,  hardness,  and  tenacity.  Elas- 
ticity is  the  reverse  of  cohesion,  in  that  it  is  the  force  which  tends 
to  bring  molecules  back  to  their  original  position  after  they  have 
been  disturbed. 

A.    Cleavage. 

Most  crystallized  minerals  have  certain  directions  in  which  their 
cohesive  power  is  weaker  than  in  others,  and  naturally  it  is  in  these 
directions  that  they  >deld  most  readily  to  external  forces.  It  is 
a  very  important  and  well-established  fact  that  every  geometrical 
plane  or  axis  of  symmetry  is  at  the  same  time  a  physical  plane  or  axis 
of  symmetry.  When,  therefore,  we  try  to  tear  a  mineral  apart  in 
the  direction  of  minimum  cohesion,  all  parallel  directions  must  be 
equal  and  the  mineral  must  be  separated  into  soUds  bounded  by 
plane  surfaces.  This  capacity  or  tendency  of  minerals  to  break  in 
certain  crystaUographic  planes  is  called  cleavage.  The  capacity  is 
there,  but  the  structure  can  only  be  produced  by  the  application 
of  external  forces.  If,  in  an  isometric  mineral,  a  cohesion  minimum 
is  in  the  direction  of  one  principal  axis,  then,  since  all  three  direc- 
tions are  geomctricall}'^  and  physically  equivalent  and  interchange- 
able, there  must  be  cohesion  minima  in  the  other  two  directions. 
Theoretically  there  is  no  limit  to  cleavage,  since  it  is  a  property  of 
the  molecules  themselves,  but  there  is  a  practical  limit  to  the  siie 
of  cleavage  bodies  which  depends  upon  human  skill.  In  Micas  it  is 
possible  to  separate  pieces  having  the  thickness  of  one  eighth  of  a 
wave  length  of  light.  Cleavage  diflfers:  (I)  according  to  the  ease 
with  which  it  is  attained;  (II)  according  to  its  crystaUographic 
direction. 

I.  Ease  of  Cleavage. 

1.  Eminent  or  highly  perfect  when  obtained  with  greatest 
ease,  giving  smooth  shining  faces  which  reflect  images  perfectly, 
as  in  Micas,  Gypsum,  Galena,  Stibnite,  Halite,  Diamond,  and 
Calcite. 

2.  Very  perfect,  which  is  a  very  slight  degree  less  than  the 
above,  Barite,  Topaz,  Sphalerite, 


240  GENERAL  AND  SPECIAL  MINERALOGY 

3.  Perfect  or  distinct.  Feldspars  aft^r  OP,  Fluorite,  Amphi- 
boles,  Pyroxenes. 

4.  Imperfect  or  indistinct,  when  the  faces  are  uneven,  as  in  some 
Feldspars  after  {010}.    Apatite,  Nephelite,  Beryl. 

5.  Interrupted,  when  planes  occur  here  and  there  and  cracks 
are  not  continuous  Hke  Cuprite,  Garnet,  Vesuvianite. 

6.  Difficult,  when  the  cleavage  can  be  produced  only  by  excep- 
tional efforts,  and  then  only  in  traces,  as  in  Quartz,  Tourmaline. 

We  sometimes  notice  that  the  cleavage  of  a  species  is  better 
developed  in  some  varieties  than  in  others.  Careful  attention 
should  be  paid  to  the  luster  of  cleavage  faces,  because  pearly  luster 
with  its  prismatic  colors  indicates  good,  while  greasy  or  dull  luster 
signifies  poor  cleavage. 

II.  Direction  of  Cleavage. 

This  is  of  the  utmost  importance  in  the  determinatio^i  of  min- 
erals, since  the  cleavage  forms  may  often  be  recognized  where  crystal 
forms  cannot  be  distinguished,  and  it  is  always  possible  by  break- 
ing to  make  more  cleavage  forms  which  may  aid  in  the  determina- 
tion. It  must  be  remembered  that  these  cleavage  forHis  are 
secondary  crystals  made  by  artificial  means,  so  that  they  only 
differ  from  crj^tals  in  the  fact  that  they  are  not  original  natural 
products.  Cleavage  forms  are  open  and  closed  just  as  crystal  forms, 
but  since  the  closed  forms  will  generally  have  more  faces,  not  all  of 
them  will  be  present  unless  care  is  taken  to  chip  off  each  face  parallel 
to  the  crystallographic  direction,  after  which  the  cleavage  shoidd 
take  place.  Thus  Sphalerite  cleaves  after  the  rhombic  dodecahe- 
dron, but  all  twelve  faces  never  occur  on  broken  pieces,  but  perhaps 
only  six  or  eight.  However,  all  twelve  may  be  produced  if  we  use 
a  chisel  in  the  proper  directions.  Neither  does  a  mineral  with  an 
octahedral  cleavage  necessarily  have  all  eight  formed.  A  certain 
four  might  occur  which  would  form  a  tetrahedron,  and  then  again 
planes  might  be  present  which  would  have  no  resemblance  to  an 
octahedron  in  any  manner  geometrically,  but  the  capacity  is  there, 
and  the  form  may  be  made  by  the  proper  application  of  a  knife  or 
chisel.  The  angles  of  intersection  and  the  shape  of  the  part  in- 
cluded by  different  sets  of  cracks  is  also  a  valuable  indication. 
Thus  in  Fluorite  we  find  three  cracks  meeting  at  angles  of  60®,  and 
this  is  just  as  good  an  indication  of  an  octahedron  as  if  we  had  a 
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perfect  cleavage  form.  In  the  Amphiboles  certain  lines  intersect 
at  angles  of  124°,  while  corresponding  ones  of  Pyroxene  meet  at 
87**,  and  so  is  an  excellent  means  of  distinction.  The  question  as 
to  which  are  the  most  common  cleavage  planes  actually  occurring 
is  again  answered  by  the  law  of  rational  indices,  namely,  those 
which  are  the  simplest.  As  before  stated,  the  cleavage  plane  is 
normal  to  the  direction  of  minimum  cohesion,  while  the  maximum 
is  in  the  plane.  This  could  be  explained  by  assuming  that  in  the 
cleavage  direction  the  molecules  are  fiulher  apart,  so  that  their 
attractions  are  correspondingly  weaker.  Then  at  right  angles  to 
this  direction  they  must  be  closer  together,  with  greater  cohesion 
as  a  consequence.  Owing  to  the  importance  of  cleavage  the  most 
common  planes  in  the  different  systems  will  be  mentioned,  vnth 
examples  of  the  minerals  cleaving  after  them. 

1.  Isometric  System.  If  the  principal  axes  are  minima  of  co- 
hesion we  get  a  cubical  cleavage,  ooOoo,  jlOO},  which  is  a  closed 
form.  Ex.  Halite,  Galena.  If  the  digonal  axes  are  minima,  a 
rhombic  dodecahedral  cleavage  is  obtained,  xO,  |110[,  as  in  the 
case  of  Sphalerite  and  Sodalite;  while  if  the  principal  and  digonal 
axes  are  maxima,  then  the  minimum  must  lie  between  these  points, 
namely:  the  trigonal  axes  which  form  an  octahedral  cleavage,  O, 
1 11 1  (,  in  the  case  of  the  Diamond,  Fluorite,  and  Cuprite.  It  would 
be  impossible  to  have  a  cleavage  after  the  trisoctahedron,  mO,  or 
any  other  form,  because  the  symbol  a  laima  would  imply  that  the 
cohesion  was  different  in  two  cases  from  the  third,  which  would  be 
impossible,  since  cohesion  and  elasticity  are  equal  in  parallel  and 
equivalent  directions. 

2.  Tetragonal  System.  If  the  vertical  axis  is  a  minimum  of 
cohesion,  a  basal  cleavage  will  be  formed,  OP,  [001},  which  is  an 
open  form,  as  in  Apophyllite  and  Octaliedrite.  If  the  intermediate 
axes  are  minima  we  get  cleavage  after  the  prism,  ooP,  {110},  as  in 
Scapolites,  Rutile,  and  Zircon;  while  if  the  lateral  axes  are  minima, 
a  cleavage  after  the  second  order  prism  is  formed,  ocPoo,  {100|,  as 
in  Rutile  and  Scapolites.  If  principal  and  lateral  or  intermediate 
axes  are  maxima,  then  the  minima  will  fall  between  them,  and  the 
result  is  a  pyramidal  cleavage  which  is  rare.  Scheelite  cleaves  after 
Poo,  {101  j ;  while  Scheelite,  Wulfenite,  and  Octahedrite''cleave'after 

p.  1111}. 
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3.  Hexagonal  System.  The  same  remarks  apply  as  in  the 
previous  S3rstem.  Beryl,  Apatite,  and  Nephelite  cleave  after  OP, 
{OOOlj ;  Apatite  and  Nephelite,  after  the  prism  ooP,  jlOlO} ;  while 
the  most  important  pyramidal  cleavage  is  after  the  fundamental 
rhombohedron  R,  {lOll},  in  the  Calcite  group. 

4.  Orthorhombic  System.  If  the  minima  are  in  the  direction 
of  the  three  axes,  we  get  pinacoidal  cleavage,  but  since  the  three 
axes  are  all  different,  we  will  obtain  three  different  degrees  of 
cleavage  with  a  corresponding  difference  in  luster.  Anhydrite  has 
a  very  perfect  cleavage  after  OP,  jOOl},  with  a  pearly  luster;  also 
perfect  after  ooP* ,  |010| ,  with  vitreous  luster,  and  imperfect  after 
00 Poo,  jilOO},  with  a  greasy  to  dull  luster.  Topaz  cleaves  after 
OP,  and  Stibnite,  as  well  as  the  orthorhombic  Pyroxenes,  after 
00 P*.  If  one  axis  is  a  minimiun  while  the  others  are  maxima, 
then  another  minimum,  different  however  from  the  first,  will  fall 
between  them.  One  will  be  a  relative  and  the  other  an  absolute 
minimum,  and  we  obtain  cleavage  after  the  pinacoid  which  is 
placed  as  the  base,  and  the  prism  as  in  the  case  of  Barite  and  Ce- 
lestite,  which  have  a  very  perfect  cleavage  after  the  base  with  pearly 
luster,  and  perfect  after  ooP,  {llOj,  with  vitreous  luster.  These 
two  minerals  may  be  mistaken  for  Calcite,  and  vice  versa,  since  the 
prism  has  angles  near  those  of  a  Calcite  rhombohedron;  but  a  glance 
at  the  luster  will  easily  determine,  since  all  Calcite  cleavages  have 
the  same,  while  on  Celestite  and  Barite  two  faces  have  pearly  and 
four  possess  vitreous  luster.  Hypersthene  and  Cerussite  also  cleave 
after  oo  P.  If  the  three  axes  are  maxima  of  cohesion,  the  minima 
lie  between,  and  pyramidal  cleavage  is  produced,  as  in  Sulphur, 
very  imperfectly,  P,  1111}. 

5.  Monoclinic  System.  If  the  orthodiagonal  axis  is  minimum 
we  get  cleavage  after  the  clinopinacoid,  oo  Poo ,  JOIOI ,  as  in  Gypsum, 
Orthoclasc,  Stilbite,  Heulandite.  If  the  minimum  lies  in  the  plane 
of  symmetry  either  basal,  OP,  {001},  or  orthopinacoidal  cleavage, 
00 Poo,  {lOOj,  or  both  will  be  produced.  In  the  latter  case  one 
would  be  relative  and  the  other  absolute  minimum.  Micas,  Epi- 
dote,  Orthoclase,  Chloritas  cleave  after  OP,  while  Epidote  cleaves 
after  x  P  o6 ,  j  100 1 .  If  the  maxima  are  in  the  direction  of  the  lateral 
axes,  the  minima  will  fall  between  them  and  produce  a  prismatic 
cleavage,  ooP,  j  110},  as  in  the  case  of  the  Pyroxenes  and  Amphi- 
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boles.  In  Orthoclase  the  minima  lie  in  the  direction  of  the  b  and  c 
axes,  and  we  get  cleavage  after  ooPac ,  rather  imperfect,  with  vitre- 
ous luster,  and  after  OP,  perfect,  with  pearly  luster.  The  perfection 
varies  greatly  among  the  Feldspars,  some  having  perfect  cleavage 
after  c»Pdb,  but  the  base  is  generally  the  better. 

6.  Triclinic  System.  In  this  system,  since  there  is  no  symmetry, 
any  direction  may  be  a  minimum.  In  all  systems  with  no  principal 
plane  of  symmetry  it  is  customary  to  place  the  conmionest  cleavage 
planes  as  pinacoids,  especially  so  in  the  monoclinic  and  triclinic 
systems  where  there  is  but  one  fixed  direction, namely,  the  ortho  axis 
of  the  former.  If  the  cleavage  planes  are  placed  aa  pinacoids,  then 
the  directions  of  the  axes  are  kept  constant  by  this  physical  prop- 
erty. Thus  all  Plagioclase  and  Microcline  cleave  after  the  base, 
OP,  jOOl},  and  brachypinacoid,  ooP*,  { 010 1,  while Cyanite  cleaves 
after  ooP*,  JOIO},  and  ooP«),  jlOO}.  A  summary  of  cleavage 
planes  with  minerals  in  the  different  systems  is  as  follows: 

Isometric  System. 
ooOoo,  {100},    Galena,  Halite. 
» 0    ,{110},    Sphalerite,  SodaUte. 
O    ,{111},    Fluorite,  Diamond,  Cuprite. 

Tetragonal  System. 
OP    ,{001},    Apophyllite,  Octahedrite. 
»  P  00 ,  { 100 } ,    Rutile,  Scapolites. 
00  P    ,{110},    Rutile,  Zircon,  Scapolites. 

Px,  {101},    ScheeUte. 

P    ,{111},    Scheelite,  Wulfenite,  Octahedrite. 

Hexagonal  System. 
OP    ,  {0001 } ,  Beryl,  Apatite,  Nephelite. 
00  P    ,  { lOlO } ,  Apatite,  Nephelite. 
R    ,  { lOll } ,  Calcite,  Dolomite,  Magnesite,  etc. 

Orihorhombic  System. 
OP    ,  {001},    Anhydrite  (pearly),  Barite,  Celestite,  Topaz. 
ooPoo,  {100},    Anhydrite  (greasy  to  dull), 
w  P  <» ,  { 010 } ,    Anhydrite  (vitreous),  Stibnite,  Orthorhombic 
Pyroxenes. 
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00  P    ,  {110},    Barite,    Celestite,   Cenissite,   Orthorhombic 
P3Toxene8. 
P    ,  {111},    Sulphur. 

MonocHnic  System. 
OP    ,  {001},    Orthoclase,  Micas,  Chlorites,  Epidote. 
00 Px,  {100},    Epidote. 

ooPoo,  {010},    Orthoclase,  Gypsum,  Stilbite,  Heulandite. 
00  P    ,  {110},    Amphiboles,  Pyroxenes. 

TricUnic  System. 
OP    ,  {001},    Plagioclase  Feldspars,  Microcline. 
ooPdb,  {100}.    Cyanite. 
xPx»,  {010},    Plagioclase  Feldspars,  Cyanite. 

B.    Parting. 

This  is  to  be  distinguished  from  cleavage  because  it  is  due  not 
to  minimum  cohesion  alone,  but  is  a  separation  into  laminse  on 
account  of  a  lamellar  structure  produced  by  pol3rs3rmmetric  twin- 
ning, zonal  structure  due  to  isomorphous  growths,  deposition  of 
foreign  substance  on  crystal  planes,  pressure,  or  the  action  of  other 
secondary  causes.  Twinning  is  probably  the  most  frequent  cause 
of  parting.  Thus  Corundum  has  a  perfect  parting  after  OP  and 
the  rhombohedron,  R,  both  being  due  to  polysjmthetic  twinning 
after  the  same  faces.  Hematite  possesses  the  same  partings,  while 
Magnetite  and  Franklinite  have  a  good  parting  after  the  octahedron 
due  to  repeated  twinning  after  the  Spinel  law.  Calcite  parts  after 
—  ^R,  due  to  twinning  most  probably  produced  by  pressure  in  rock 
masses.  In  Ampliiboles  and  P3a'oxenes  a  parting  parallel  to  the 
base  sometimes  occurs,  and  more  rarely  the  orthopinacoid  is  a  part- 
ing plane.  Cyanite  parts  after  the  base,  after  which  twinning  is 
produced  by  pressm-e.  The  Micas  possess  a  parting  after  |Po6 
and  —  fP3,  which  are  gliding  planes.  Parting,  but  more  especially 
cleavage  planes,  are  sometimes  difficxilt  to  distinguish  from  natiu-al 
faces,  but  we  find  it  to  be  a  fairly  general  rule  that  all  natural  faces 
are  inclined  to  be  rough,  dull,  striated,  or  etched,  while  secondary 
faces  have  not  these  characteristics  and  appear  newer  and  fresher. 
In  many  cases,  however,  the  distinction  is  very  difficult. 
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C.     Gliding  Planes  {Gleitftdchen). 

These  are  crystal  planes  along  which  the  cohesion  of  the  mole- 
cules is  so  great  that  deformation  along  these  faces  takes  place  with- 
out breaking,  up  to  a  certain  limit.  Pressure  is  the  chief  cause  of 
gliding  planes,  and  often  results  in  polysynthetic  twinning  which, 
after  the  limits  of  tension  are  reached,  may  result  in  a  separation 
of  the  lamellae  and  the  consequent  formation  of  parting  planes.  In 
the  case  of  Calcite  these  different  phenomena  may  be  produced 
experimentally  after  —  ^R  in  two  ways:  (1)  We  may  file  two  planes 
on  the  acute  edges  of  a  cleavage  form  so  that  they  correspond  to  the 
two  opposite  faces  of  oc  P2,  then  place  these  faces  so  that  they  are 
parallel  to  the  walls  of  a  screw  clamp,  and  apply  pressure,  after 
which  a  permanent  deformation  takes  place  and  a  twin  is  formed 
after  —  ^R  which  will  result  in  a  break  if  the  pressure  is  continued. 
Such  partings  are  generally  not  even  surfaces,  but  are  liable  to  be 
rough  or  fibrous.  (2)  By  pressing  a  polar  edg^  of  a  cleavage 
rhombohedron  with  a  knife,  we  can  shove  the  molecules  along  on 
the  gliding  plane  —  ^R,  producing  polysynthetic  twins  after  that 
face,  but  if  pressed  too  far  it  will  result  in  a  parting  after  the  same 
plane.  If  two  opposite  cubical  edges  are  filed  on  Halite  or  Galena, 
and  pressed  in  the  first  manner  above  described,  a  lateral  displace- 
ment takes  place  parallel  to  ooO  which,  if  continued,  results  in  a 
parting  with  fibrous  surfaces.  Stibnite,  Orpiment,  and  Ice  all  have 
the  base  as  a  gliding  plane.  Stibnite  crystals  may  be  turned  about 
the  c  axis  ahnost  60°  before  breaking.  We  often  find  natural 
crystals  of  the  mineral  bent  and  twisted  from  this  same  cause. 
Many  Stibnite  crystals  have  a  horizontal  striation  on  the  cleavage 
face,  ooPob ,  due  to  the  gliding  of  the  molecules  along  the  base.  As 
mentioned  under  Parting,  the  Micas  have  fPoo,  and  —  fP3  as 
gliding  planes.  In  Gypsum  the  gliding  plane  is  4P«).  Prof. 
Miigge  has  studied  the  relation  of  cleavage  to  gliding  planes  and 
has  reached  the  following  conclusions: 

(1)  Gliding  planes  bear  certain  definite  relations  to  each  other. 
The  better  the  cleavage,  the  better  the  gliding  plane,  which  means 
that  the  increase  in  differences  of  cohesion  causes  better  gliding 
planes.  (2)  Gliding  planes  are  symmetrical  to  cleavage  planes, 
and  in  most  cases  perpendicular  to  them.    In  Stibnite  the  latter 
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is  true,  since  ooP*  is  cleavage  and  OP  gliding  plane.  In  Halite 
the  gliding  plane,  ooO,is  symmetrical  to  two  cleavage  faces,  ooOqc, 
and  is  perpendicular  to  the  third.  Also  in  Calcite  —  ^R  is  sym- 
metrical to  two  cleavage  faces.  (3)  Gliding  planes  are  perpendicu- 
lar to  the  maxima  of  cohesion,  and  generally  to  the  absolute  maxima. 

D,     Pressure  and  Percussion  Figures. 

These  are  obtained  by  pressing  slowly,  or  striking  sharply  by 
means  of  a  blunt  or  sharp  needle,  upon  crystal  or  cleavage  faces. 
The  divisional  planes  occur  as  cracks  diverging  from  the  point 
where  the  instrument  touches  the  surface,  and  they  are  of  value 
because  they  show  more  delicately  certain  differences  of  cohesion 
which  are  not  marked  as  cleavage  or  gliding  planes.  In  general  we 
find  that  the  pressure  figures  correspond  to  gliding  and  consequently 
parting  planes,  while  percussion  figures  represent  cleavage  planes, 
though  on  some  minerals  both  are  found  in  the  same  figure.  Much 
depends  upon  the  skill  of  the  operator,  for  if  the  crystal  face  is 
struck  awkwardly,  or  not  exactly  perpendicular,  a  pressure  figure 
might  result.  These  figures  always  possess  the  synmietry  of  the 
face  on  which  they  occur.  The  pressure  figure  on  the  Micas  is  a 
six-  or  three-rayed  star,  one  of  which  is  perpendicular  to  ooPob  and 
corresponds  to  the  gliding  plane  |Pdb ,  while  the  other  two  are  after 
the  gliding  plane,  —  |P3.  The  rays  make  angles  of  about  60^  or 
120°  with  each  other.  The  percussion  figiu-e  of  the  Micas  is  also 
a  six-rayed  star  which  differs  from  the  previous  one  by  about  30**. 
One  ray  larger  than  the  others  is  parallel  to  cx)Px ,  showing  a  sec- 
ondary cleavage  after  that  plane.  The  other  two  are  parallel  to 
the  combination  edges  of  base  to  pyramid,  showing  cleavage  after 
pyramids  of  the  uiiit  series.  The  percussion  figure  on  a  cleavage 
face  of  Calcite  is  monosymmetric,  with  two  cracks  going  parallel 
to  R,  and  the  third  to  —  ^R,  so  that  two  are  the  cleavage  and  one 
is  the  gliding  plane.  Gypsum  has  a  percussion  figure  composed 
of  one  lino  parallel  to  P,  which  is  a  cleavage,  while  the  second  is 
parallel  to  the  gliding  plane,  fPob.  The  percussion  figure  on  a 
cube  face  of  Halite  is  two  lines  at  right  angles  corresponding  to  the 
gliding  plane.  On  an  octahedral  face,  there  are  three  rays  at  60**, 
also  haying  the  position  of  a  rhombic  dodecahedron. 
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E.    Etching  Figures. 

When  we  carefully  allow  solvents  or  corrosive  agents  to  act 
slowly  upon  crystal  faces,  angular  depressions  or  elevations  whose 
outlines  are  parallel  to  some  crystallographic  direction  are  formed. 
These  are  known  as  etching  figures^  but  if  the  solvents  act  a  long 
time,  a  great  deal  of  material  is  dissolved,  and  surfaces  called 
etching  planes  are  formed.  Etching  figures  are  phenomena  of  co- 
hesion, so  that  the  results  obtained  show  the  resistance  of  the 
molecules  to  corrosion,  and  all  equivalent  directions  or  similar 
faces  must  be  treated  alike.  Unlike  some  of  the  previous  phenom- 
ena, etching  figures  are  independent  of  cleavage,  but  they  are 
intimately  connected  with  the  internal  molecular  structure,  and 
possess  the  symmetry  of  the  face  on  which  they  are  situated. 
They  are  therefore  important  in  determining  the  crystal  system, 
and  aid  in  the  recognition  of  partial  forms  which  are  apparently 
holohedral,  as  well  as  pseudosymmetrical  substances  and  mimetic 
twins.  The  etching  is  done  by  such  solvents  as  water,  HCl,  HjSO^, 
HNOg,  acetic  acid,  NaOH,  KOH,  steam,  HF,  O,  and  other  gases. 
The  figures  differ  on  different  planes  with  the  same  reagent,  as  well 
as  on  the  same  plane  with  different  reagents.  Many  crystals  have 
been  naturally  etched  by  percolating  waters  and  atmospheric 
action.  Most  etching  figures  are  so  small  that  they  have  to  be 
examined  with  the  microscope.  Calcite  on  R  with  HCl  gives  a 
nionosymmetric  figure  which  is  found  to  consist  of  seven  sides 
having  the  position  of  three  different  scalenohedrons  and  one 
rhombohedron.  The  corresponding  face  of  Dolomite  etched  in  the 
same  manner  gives  an  asymmetric  figure,  which  proves  that  the 
latter  substance  must  be  rhombohedral  tetartohedral,  and  not 
hemihedral  as  are  the  rest  of  the  group.  The  figure  produced  by 
H2SO4  on  a  Calcite  R  is  also  nionosymmetric,  but  different  from 
the  one  produced  by  HCl.  OR  etched  by  both  acids  gives  a  tri- 
symmetric  figure.  When  Halite  is  exposed  to  moist  air  or  water, 
four-sided  depressions  are  made  similar  to  the  hopper  skeletons, 
with  edges  parallel  to  those  of  the  cube,  but  the  faces  are  those  of 
a  tetrahexahedron,  00  On.  Muscovite  Mica  which  seems  to  be 
hexagonal  in  form,  if  etched  with  HF  gives  a  monosymmetric 
figure.     Quartz  etched  with  the  same  acid  gives  etching  figiu^es 
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which  are  uiLSATnmetrical,  and  which  point  either  to  the  right  or 
left,  according  to  the  character,  notwithstanding  the  apparent 
holohedral  form.  Calamine  with  HCl  pives  figures  with  two  planes 
of  symmetry,  and  unlike  at  each  end,  showing  the  henumorphic 
character.  Aragonite,  which  is  pseudohexagonal  on  account  of  its 
twinning,  when  etched  with  acetic  acid  shows  three  sets  of  disyra- 
metric  figures  which  incline  at  three  different  angles  instead  of  all 
being  parallel  as  they  must  be  on  a  hexagonal  base,  thus  indicating 
that  the  solid  is  made  up  of  three  crystals  in  twinning  position. 
When  Diamond  is  burned,  oxygen  acts  as  the  means  of  corrosion, 
and  triangular  depressions  are  formed  whose  faces  are  parallel  to 
those  of  the  icositetrahedron,  303. 

F.     Fracture. 

This  is  a  term  used  to  define  the  form  or  kind  of  surface  obtained 
by  breaking  in  a  direction  other  than  that  of  cleavage  in  crystals, 
and  in  any  direction  in  amorphous  or  ma^ive  substances.  When 
the  cleavage  is  very  perfect  it  is  difficult  to  obtain  any  fracture  as 
in  Galena,  but  where  the  cleavage  is  poor  most  of  the  surfaces  ob- 
tained are  fractures,  as  in  Quartz.  The  different  kinds  of  fractures 
are: 

1.  Even:  when  the  surface,  though  rough  \iv'ith  small  elevations^ 
and  depressions,  still  approximates  to  a  plane. 

2.  Uneven:  when  the  surface  is  quite  rough  and  irregular. 

3.  Hackly:  when  the  elevations  are  fine,  short,  sharp  points,  as 
in  broken  iron  and  other  metals. 

4.  Conchoidal:  when  the  mineral  breaks  in  curved  surfaces 
similar  to  the  shells  of  many  molhisks,  like  the  Conches,  from  which 
the  name  is  derived.  Glass  has  such  a  fracture,  also  Quartz.  This 
is  the  kind  of  fracture  most  common  on  minerals. 

5.  Splintery :  when  the  surfaces  contain  small  partially  loosened 
splinters,  which  are  rendered  visible  because  they  are  lighter  and 
more  transparent  on  their  thinner  edges,  as  in  Flint,  Agate,  and 
other  forms  of  Chalcedony. 

6.  Earthy:  when  the  surface  contains  perceptible  dust-  and 
sand-like  particles,  as  in  the  case  of.  Kaolin,  Chalk,  and  Tripolite. 
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(?.    Hardness. 

The  strength  of  cohesion  is  shown  in  a  very  definite  manner  by 
scratching  or  scraping  a  mineral.  Hardness  is  the  resistance  offered 
by  a  mineral  to  abrasion,  and  the  degree  of  hardness  is  determined 
by  observing  the  ease  or  difficulty  with  which  one  mineral  is  scratched 
by  another,  or  by  a  knife  or  file.  The  hardness  of  granular,  lamel- 
lar, fibrous,  and  earthy  minerals  cannot  be  determined  in  this  man- 
ner, since  the  instruments  penetrate  between  the  individuals  and 
tear  them  apart  instead  of  scratching  them.  In  general  the  deep- 
ness of  the  furrow  and  the  amount  of  powder  formed  are  indications 
of  the  degree  of  hardness.  To  give  more  precision  to  this  property 
an  Austrian  named  Mohs  introduced  a  scale  of  hardness  coasisting 
of  ten  members: 

1.  Talc,  H2Mgs(Si08)4;  common  laminated,  light-green  variety. 

2.  Gypsum,  CaS04  +  2H20,  or  HaHte,  NaCl;  crystalUzed. 

3.  Calcite,  CaCOj;  transparent  variety. 

4.  Fluorite,  CaFj;  crystalline  variety. 

5.  Apatite,  Ca5Cl(P04)3;  transparent  variety. 

6.  Orthoclase,  ICA^lSigOg;  yellowish,  cloavable  variety. 

7.  Quartz,  SiOz;  transparent. 

8.  Topaz,  [Al(0,Fj)]AlSi04;  transparent. 

9.  Corundum,  AljOj;  cleavable. 
10.  Diamond,  C;  crystals. 

The  unknown  mineral  is  tri(Hl  by  the  different  membera  of  the 
scale  and,  for  example,  if  it  is  scratched  by  Apatite,  but  in  turn 
scratches  Fluorite,  then  the  hardness  is  said  to  be  4.5.  Pencils  are 
sometimes  made  of  the  various  members  and  used  for  the  purpose 
of  scratching,  but  for  practical  use  the  knife  is  most  serviceable,  and 
a  comparison  of  the  members  of  the  scale  is  as  follows : 

1.  Yields  easily  to  the  finger-nail. 

2.  Yields  with  difficulty  to  the  finger-nail,  or  just  receives  an 
impression  from  it.     Does  not  scratch  a  copper  coin. 

3.  Scratches  a  copper  coin,  but  is  also  scratched  by  it,  being 
about  the  same  hardness. 

4.  Not  scratched  by  a  copper  coin.     Does  not  scratch  glass. 

5.  Scratches  glass  with  difficulty,  leaving  its  powder  on  it. 
Yields  readily  to  the  knife. 
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6.  Scratches  glass  easily.  Yields  with  great  difficulty  to  the 
knife. 

7.  Does  not  yield  to  the  knife,  while  the  latter  leaves  a  steel 
streak  on  the  mineral.    Yields  to  the  edge  of  a  file  with  difficulty. 

The  common  hardness  of  minerals  is  from  3  to  7,  while  7  to  10 
is  the  hardness  of  precious  stones.  The  Mohs  scale  is  only  rela- 
tive, and  the  difference  between  any  two  members  may  be  much 
greater  or  much  less  than  between  two  others.  Diamond- cutters 
long  ago  said  that  the  difference  between  Diamond  and  Corundum 
was  much  greater  than  from  Talc  to  Corundum.  In  order  to  deter- 
mine this  last  experimentally,  a  weighed  quantity  of  mineral  was 
ground  with  100  grams  of  Emery  until  the  decrease  in  weight  of 
the  mineral  was  no  longer  measurable,  when  the  loss  of  weight  was 
divided  by  100.  Diamond  could  not  be  treated  with  Emery,  so 
that  Diamond  dust  was  used.  The  relative  hardness  of  the  differ- 
ent members  of  the  Mohs  scale  was  obtained  as  follows: 

10.  Diamond 140,000 

9.  Corundum 1,000 

8.  Topaz 194 

7.  Quartz 175 

6.  Orthoclase 59.2 

5.  Apatite S.O 

4.  Fluorite 6.4 

3.  Calcite 5.6 

2.  Halite 2.0 

1.  Talc 0.04 

From  the  above  figures,  the  great  difference  between  the  various 
members  may  be  seen.  The  hardness  of  minerals  differs  on  the 
same  crystal  face  in  different  directions,  as  would  be  expected  from 
the  definition  of  a  crystal  from  a  physical  standpoint,  but  in  most 
substances  it  is  not  very  noticeable  when  tried  by  any  of  the  above 
methods.  Cyanite  on  the  macropinacoid  has  a  hardness  of  4-5 
parallel  to  the  c  axis,  but  6-7  parallel  to  the  b  axis.  Sir  David 
Brewster,  a  Scotch  scientist,  was  trying  to  make  a  Nicol  prism,  and 
found  he  could  cut  much  easier  on  the  polar  edge  of  a  cleavage 
rhombohedron  of  Calcite  when  he  was  cutting  toward  the  obtuse 
angle,  that  is  to  say  toward  the  vertical  axis,  than  when  he  was 
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cutting  toward  the  acute  angle  and  away  from  the  c  axis.  In  order 
to  study  the  hardness  of  minerals  more  accurately,  von  Seebeck 
devised  an  instrument  called  the  Sderometer,  in  which  the  mineral 
is  placed  on  a  movable  carriage,  with  the  surface  which  is  to  be 
tested,  horizontal;  this  is  then  brought  in  contact  with  a  steel  or 
diamond  point  which  is  fixed  on  a  support  above  it,  and  the  weight 
is  determined  which  is  just  sufficient  to  move  the  carriage  and  pro- 
duce a  scratch  on  the  surface  of  the  mineral.  By  these  means  the 
hardness  has  been  determined  on  many  faces  of  different  minerals, 
and  the  following  general  results  were  obtained : 

1.  Differences  of  hardness  occur  only  on  such  crystals  as  possess 
cleavage,  and  on  these  those  faces  parallel  to  the  cleavage  show 
the  least  hardness,  while  those  perpendicular  to  the  cleavage  show 
the  greatest  hardness. 

2.  If  a  plane  is  perpendicular  to  the  cleavage  surface,  it  shows 
the  least  hardness  parallel  to  the  cleavage,  and  greatest  at  right 
angles  to  it.  These  two  statements  hanAonize  with  the  fact  that 
there  is  a  maximum  of  cohesion  parallel  to  the  cleavage  plane, 
while  a  minimum  is  perpendicular  to  the  same. 

3.  If  a  face  is  oblique  to  the  cleavage  plane,  there  will  be  a 
difference  of  hardness  on  the  same  line  accordingly  as  the  point  of 
the  instnunent  moves  toward  the  acute  or  obtuse  angle  which  the 
cleavage  plane  makes  with  the  face.  If  toward  the  acute  angle 
the  mineral  will  be  harder,  but  if  toward  the  obtuse  angle  the 
mineral  is  softer. 

4.  If  a  face  is  parallel  to  the  cleavage  plane,  and  is  not  inter- 
sected by  other  cleavages,  it  will  show  no  differences  of  hardness. 

5.  If  several  cleavage  directions  are  intersected,  the  resistances 
corresponding  to  them  are  additive. 

In  order  to  express  the  difference  of  the  hardness  on  the  same 
crystal  plane  in  the  different  directions,  the  least  weight  required 
to  scratch  a  surface  for  each  10°  or  15°  from  0°  to  180°  is  determined 
by  the  Sderometer;  these  directions  are  laid  off  as  radii  from  a 
center,  so  that  their  lengths  are  proportional  to  the  weights  required; 
thus  the  diAction  requiring  three  grams  to  make  the  scratch  will  be 
three  times  as  long  as  the  one  which  needs  but  one  gram;  the 
extremities  of  these  radii  are  now  connected  by  a  line,  and  a  figure 
w'ill  result  which  is  called  the  curve  of  hardness  for  that  particular 
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face  and  will  possess  the  same  symmetry  as  the  crystal  face  on 
which  it  is  situated,  provided  that  the  plane  is  intersected  by  several 
cleavage  faces.  It  will  be  a  circle  if  there  are  no  differences,  and 
an  ellipse  in  case  a  single  rfleavage  plane  is  perpendicular  to  the 
face  under  investigation,  but  if  the  face  is  intersected  by  several 
cleavage  planes  it  will  be  a  curve  with  several  lobes  which  will  be 
distributed  according  to  the  symmetry  of  the  crystal  face.  The 
ba^o  of  Mica  shows  a  circle,  while  the  clinipinacoid  shows  an  ellipse 
with  the  longer  axis  in  the  direction  of  the  c  axis,  and  with  the 
shorter  one  parallel  to  the  cleavage  plane.  Halite  on  the  cube  face 
shows  a  disymmetric  figure  with  the  longest  lobes  in  the  diagonal 
directions,  since  the  cleavage  is  after  the  cube.  On  a  cube  face  of 
Fluorite  the  positions  are  reversed,  and  the  longest  lobes  are  in  the 
direction  of  the  principal  axis,  since  the  cleavage  is  octahedral.  In 
Barite,  which  cleaves  after  base  and  prism,  on  the  base  the  shortest 
lobes  are  toward  the  prism,  while  on  the  prism  the  shortest  lobes 
are  in  the  direction  of  the  base. 


H.     Tenacity  and  Elasticity. 

f5»  The  quality  of  cohesion  or  tenacity  is  the  greatest  longitudinal 
stress  a  mineral  can  bear  without  being  torn  asunder.  Almost  all 
differences  of  tenacity  depend  upon  elasticity  and  are  as  follows: 

1.  Brittle:  when  a  mineral  breaks  easily  into  powder  or  grains 
when  attempting  to  cut  it,  or  when  a  crack  goes  farther  after  being 
started  by  a  knife  or  file,  as  in  the  case  of  glass,  Calcite,  Sphalerite, 
Feldspar. 

2.  Sectile:  when  pieces  may  be  cut  off  with  a  knife  without 
f aUing  into  powder,  but  the  mineral  still  pulverizes  under  a  hanmier. 
Here  a  crack  after  being  started  is  propagated  but  little  further, 
and  the  powder  lies  on  it.  This  character  is  intermediate  between 
brittle  and  malleable.     Gypsum,  Talc. 

3.  Malleable:  when  slices  may  be  cut  off  and  flattened  imder 
the  hanuner.  The  crack  goes  just  as  far  as  the  knife  penetrates, 
and  no  grains,  splinters,  or  powder  are  formed.  Gold,  Silver, 
Copper,  Argentite. 

4.  Flexible :  when  thin  blades  or  small  columns  can  be  bent,  and 
will  not  resume  their  original  position.    Talc,  Chlorite. 
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5.  Elastic:  when  thin  lamellae  or  needles  after  bending,  oi- 
larger  masses  after  being  pressed,  will  spring  back  into  their  previous 
position.  This  is  called  an  elastic  deformation,  which  is  only  tem- 
porary, but  if  certain  limits  are  exceeded  the  deformation  will  be 
permanent. 

The  elasticity,  flexibility,  and  ductility  of  crystallized  minerals 
is  of  greater  theoretical  than  practical  value.  Many  experiments 
have  been  made  by  cutting  rods  from  minerals  in  certain  direc- 
tions of  a  definite  length  and  given  area  of  cross-section.  These 
have  been  tested  by  hanging  weights  on  their  one  end  and  mea-sur- 
ing  the  expansion,  or  placing  weights  in  such  a  manner  as  to  cause 
contraction.  In  still  other  cases  the  bars  are  placed  on  a  pivot 
with  weights  attached  to  each  end,  or  the  rods  are  placed  on  two  sup- 
ports and  a  weight  is  placed  in  the  middle.  In  order  to  cause  an 
expansion  of  .001  of  their  length  on  bars  having  a  cross-section  of 
one  square  millimeter,  the  following  weights  were  necessary  on 
substances : 

Lead 1 .  727  kilograms. 

Gold 5.585 

Silver 7.141 

Window  Glass 7.917 

Steel  Wire 18.809 

If  similar  bare  are  cut  from  crystals  so  that  in  isometric  minerals 
they  are  {parallel  to  the  cubical  edges,  and  in  all  others  parallel  to 
the  vertical  axis,  the  following  results  are  obtained : 

Alum,  isometric 1 .  793  kilograms. 

Halite,       ''       4.199  " 

Barite,  orthorhombic 5.386  " 

Calcite,  hexagonal 5.838 

Quartz,        "         10.300 

Fluorite,  isometric 14.700  *' 

Pyrite,        ''        35.310 

The  results  of  investigations  show  that  in  amorphous  substances 
the  elasticity,  or  rather  coefficient  of  elasticity,  is  alike  in  all  di- 
rections, but  that  in  crystals  it  is  the  same  in  all  equivalent  direc- 
tions, while  in  unlike  directions  it  Ls  commonly  different.  Thus  all 
bars  of  Fluorite  cut  parallel  to  cube  edges  show  the  same  elasticity. 
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and  if  they  have  a  cross-section  of  one  square  millimeter  and  are 
four  centimeters  long,  they  will  all  be  bent  .1  millimeter  when  the 
weight  placed  on  the  middle  of  each  bar  amoimts  to  92  grams. 
Similar  bars  cut  in  the  diagonals  of  cube  faces  will  suffer  the  same 
deformation  when  the  weight  is  63  grams,  which  means  that  the 
elasticity  is  1.46  times  larger  parallel  to  the  cubical  edges  than  it 
is  in  the  diagonal  of  the  face.  If  these  weights  are  expressed  in 
units  of  length  as  radii  about  the  center  of  the  face  and  their  ex- 
tremities connected,  it  is  evident  that  we  will  obtain  a  curve  of 
elasticity  or  elasticity  figure  in  the  same  manner  that  we  did  curves 
of  hardness.  In  the  case  of  Fluorite  the  two  are  the  same.  The 
character  of  the  figure  depends  upon  the  synmietry  of  the  crystal 
face.  It  must,  however,  be  remembered  that  the  elasticity  in  a 
certain  direction  is  the  same  in  the  opposite  direction,  and  there- 
fore we  can  have  no  asymmetrical  or  monosynmietric  figures.  On 
faces  with  no  synmietry,  the  figure  is  said  to  be  antimetric,  which 
means  that  each  radius  is  equal  to  the  one  which  is  180°  away  from 
it.  For  all  mono-  and  disymmetric  faces  we  obtain  a  disymmetric 
elasticity  figure.  Cube  faces  have  a  tetrasymmetric  figure,  as  in 
the  case  of  Fluorite  and  Alum.  The  base  of  hexagonal  and  rhom- 
bohedral  minerals  and  the  octahedron  have  a  circle  for  the  figure 
of  elasticity.  In  view  of  these  various  facts  Prof.  Groth  of  Mimich, 
who  has  been  one  of  the  chief  investigators  of  the  subject,  gives  a 
definition  of  a  crystal  as  any  solid  in  which  the  elasticity  is  a  function 
of  direction. 

II.    Specific  Gravity. 

The  specific  gravity  (G)  of  a  mineral  is  its  weight  compared  with 
that  of  another  substance  of  equal  volume  whose  gravity  is  assumed 
as  a  standard  and  placed  at  unity.  Solids  and  liquids  are  generally 
compared  with  distilled  water  at  4°  C.  or  39.2°  F.  Thus  if  a  cubic 
inch  of  a  mineral  weighs  four  times  as  much  as  a  cubic  inch  of  water, 
its  G  is  4.  The  direct  comparison  by  weight  of  a  certain  volume 
of  water  with  an  equal  volume  of  a  mineral  is  not  often  practicable, 
but  we  make  use  of  the  hydrostatic  principle  that  the  weight  lost 
by  a  solid  immersed  in  water  is  equal  to  the  weight  of  an  equal 
volimie  of  water,  that  is,  of  the  volume  of  water  that  it  displacses. 
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By  this  means  the  specific  gravity  is  easily  determined  as  follows: 
w  is  the  weight  of  the  mineral  in  air;  v/  is  the  weight  in  water; 
then  the  loss  by  immersion  {w—w')  is  the  weight  of  a  volume  of 

water  equal  to  that  of  the  mineral;  then  G  = -^.    For  example, 

a  piece  of  Quartz  weighs  4.562  grams  in  air  but  only  2.835  in  water, 
which  show^s  a  loss  of  weight  of  1.717  grams,  which  is  the  weight 

4  552 

of  an  equal  volume  of  water;  so,  according  to  the  formula,  T^fyj 

=  2.651,  the  G  of  Quartz.  A  convenient  apparatus  for  this  deter- 
mination is  the  Jolly  torsion  balance,  where  the  weight  is  measured 
by  the  torsion  of  a  spirally-coiled  wire  spring.  There  are  two  Httle 
pans  attached  to  the  end  so  that  the  weight  may  first  be  determined 
in  air,  and  then  placed  in  the  under  pan  and  weighed  in  the  water 
contained  in  a  beaker.  The  readings  which  give  the  weight  are 
obtained  by  observing  the  coincidence  of  the  index  with  its  image 
in  a  graduated  mirror.  Much  mo|je  convenient  than  any  of  these 
numerous  methods,  especially  in  petrographical  work,  and  where 
small  fragments  are  used,  is  the  use  of  solutions  containing  salts 
of  high  gravity.    Some  of  the  available  solutions  are  as  follows: 

1.  Thoulet;   HgI,  +  KI,  which  has  a  maximum  density  of  3.196. 

This  is  very  poisonous,  costly,  and  must  be  prepared  under 
very  exact  conditions.  Many  of  the  commonest  minerals  are 
also  heavier  than  the  solution,  and  for  such  it  is,  of  course, 
not  available. 

2.  Rohrbach;  Hglj+Balj.    0  3.588.    This  is  more  poisonous  than 

the  Thoulet,  and  may  not  be  diluted  with  water,  both  of 
which  are  disadvantageous. 

3.  Methylene  Iodide;  CHjTj.     G  3.33,  but  may  not  be  diluted  with 

water.     Benzine  is  used. 

4.  Klein;  H4Cd2ByWg034  +  16aq.     This  solution  is  a  cadmium  boro- 

tungstate,  and  may  be  concentrated  to  3.6,  although  at  that 
point  it  is  somewhat  viscous.  This  substance  is  difficult  to 
prepare,  and  costs  $12  a  pound,  but  it  is  not  poisonous,  may 
be  diluted  with  water,  and  concentrated  by  simple  evapora- 
tion in  a  porcelain  dish  over  a  wat«r-bath.  Altogether  it 
is  the  most  serviceable  of  these  solutions;  but  care  must  be 
taken  if  iron,  zinc/ lead,^and  carbonates  are  present,  since 
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they  decompose  the  solution.  They  should  first  be  removed 
with  acid. 

5.  Breon  used  a  mixture  of  lead  and  zinc  chlorides  in  the  molten 

state.  Here  PbCl,  has  a  G  of  5.0,  while  ZnCl,  has  one  of  2.4, 
so  that  sucK  a  method  allows  the  separation  of  heavier  minerals 
than  the  other  solutions. 

6.  Retgers  used  molten  AgNOj  which  melts  at  198®  C.  and  has  a 

density  of  4.1,  so  that  Celestite  and  Corundum  which  have  a 

gravity  about  4  float  upon  it. 
In  order  to  determine  the  gravity  of  minerals  by  means  of  these 
solutions^  either  by  concentration  or  dilution,  we  bring  the  mineral 
so  that  it  just  remains  in  suspension,  neither  sinking  nor  floating. 
This  is  best  done  by  using  a  glass  cylinder  and  bringing  the  mineral 
so  that  it  remains  in  the  middle  of  the  liquid  column,  in  which  case 
the  mineral  and  liquid  must  have  the  same  density.  The  specific 
gravity  of  the  solution  is  now  determined  by  means  of  the  Westphal 
balance,  which  is  an  arm  resting  on  a  pivot  that  is  attached  to  a 
support.  One  end  of  the  arm  swings  free  and  points  to  a  graduated 
scale  which  determines  how  far  on  each  side  of  the  zero  point  the 
arm  swings.  To  the  other  end  is  attached  a  fine  wire  with  a  glass 
bulb  which  often  contains  a  thermometer.  The  weight  of  the  bulb 
in  air  is  zero,  since  it  is  brought  into  that  position  by  a  levelling 
screw.  The  weight  of  the  bulb  in  water  is  equal  to  unity,  so  that 
when  the  bulb  is  placed  in  the  heavy  solution  and  brought  into 
equilibrium  by  placing  different-sized  riders  on  the  arm,  the  direct 
reading  of  the  weights  in  order  of  their  size  will  give  the  specific 
gravity  of  the  solution.  This  method  is  especially  valuable  where 
we  wish  to  separate  several  minerals,  as  in  rocks.  A  Granite  may 
contain  Orthoclase  (G  2.56),  Quartz  (G  2.65),  and  Biotite  (G  2.7- 
3.1).  We  break  up  the  rock  so  as  to  take  advantage  of  the  cleav- 
age without  powdering  it  so  that  it  will  pass  through  a  sieve  of 
small  mesh.  The  fine  mass  is  tJien  placed  in  a  separatory  funnel 
and  the  solution  mixed  with  it,  after  which  it  is  diluted  until 
the  Biotite  sinks  and  is  finally  removed.  The  solution  is  further 
diluted  until  the  Quartz  is  separated,  leaving  the  Orthoclase  floating 
in  the  solution.  In  order  to  save  the  time  which  would  be  required 
in  many  determinations  of  the  gravity  of  the  solution  while  bringing 
it  near  the  density  required,  as  in  diluting  from  3.6  to  2.7,  so  that 
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Biotite  would  fall,  we  use  indicators  of  known  gravity  to  assist  us 
in  the  more  rapid  adjustment  of  the  solution.  These  are  made  of 
fragments  of  minerals  and  pieces  of  glass  which  have  had  their 
gravities  accurately  determined.  These  solutions  become  more 
dense  in  cold  weather  and  less  dense  in  warm,  so  that  for  very 
accurate  work  a  correction  for  temperature  is  necessary.  Accurate 
measurements  are  based  generally  upon  15°  C.  as  a  standard.  In 
the  specific  gravities  given  for  minerals  we  often  find  that  a  con- 
siderable variation  exists  between  certain  limits.  This  is  due  par- 
tially to  impurities,  which  may  be  very  minute  and  distinguishable 
only  by  microscopic  means,  also  in  part  to  slight  differences  of 
chemical  composition  among  isomorphous  substances,  and  in  still 
other  cases  may  be  the  result  of  inaccurate  determination. 

A  list  of  the  more  important  minerals  is  appended  in  order  of 
increasing  specific  gravity. 
0.6-1.0    Petroleum,  Ozocerite,  Water. 
1.0-1.5    Amber,  Natron. 
1.5-2.0    Epsomite,  Borax,  Camallite,  Bischofite,  Sal-Ammoniac, 

Sylvite,  Aliun. 
2.0-2.5    G3rpsum,  Halite,  Leucite,  Zeolites,  Graphite,  Sulphur. 
2.5-2.8    Quartz,  Feldspars,  Nephelite,  Serpentine,  Chlorite,  Kao- 
lin, Talc,  Calcite,  Beryl. 
2.8-3.0    Aragonite,    Dolomite,    Anhydrite,    Tremolite,    Micas, 

Bauxite. 
3.0-3.5    Fluorite,  Apatite,  Actinolite,  Hornblende,  Augite,  Diop- 
side,  Olivine,  Epidote,  Tourmaline,  Topaz,  Diamond, 
Orpiment. 
3.5-4.0    Realgar,  Siderite,  Malachite,  Azurite,  Liraonite,  Corun- 
dum, Celestite. 
4.0-4.5    Barite,  Rutile,  Chromite,  Chalcopyrite,  Sphalerite. 
4.5-5.5    Hematite,    Magnetite,    Franklinite,    Pyrite,    Marcasite, 
Pyrrhotite,  Covellite,  Molybdenite,  Stibnit«,  Tetrahe- 
drite.  Tennantite,  Pyrolusite. 
5.5-6.5    Zincite,    Tenorite,    Cuprite,    Chalcocite,    Arsenopyrite, 

Pyrargyrite.  Proustite,  Stephanite. 
6.5-8.0    Iron.    Cassiterite,    Galena,    Argentite,    Pyromorphite, 

Cerussite. 
8.0-10.0  Cinnabar,  Copper,  Bismuth. 
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10.0-14.0  Silver,  Lead,  Mercury,  Palladium. 
15.0-21.0  Gold,  Platinum,  Iridosmine. 
21.0-23.0  Iridium. 

III.      lilGHT. 

According  to  the  undulatory  theory  of  Huyghens,  which  was 
further  developed  by  Fresnel  and  Young,  light  is  conceived  to  con- 
sist of  vibrations  of  a  substance  called  ether,  w^hich  pervades  all 
space  and  all  bodies.  These  vibrations  are  transverse  to  the  direc- 
tion of  vibration^  and  travel  with  great  velocity  in  straight  lines 
in  all  directions  from  the  luminous  point,  producing  on  the  nerves 
of  the  eye  the  sensation  known  as  light.  In  the  figure,  AB  is  the 
direction  of  propagation  and  contains  a  particle  vibrating  from  c 
to  (/,  which  distance  is  called  the  amplitxide  of  vibration.  After 
reaching  &  the  particle  returns  to  c,  and  then  vibrates  to  c".  In 
this  figure  the  vibrations  are  given  in  but  one  plane,  but  as  a  matter 
of  fact  they  take  place  in  all  directions  at  right  angles  to  the  direc- 
tion of  propagation.  The  distance  between  any  two  particles  in 
like  position  or  phase  such  as  c'd'  is  called  a  wave-lengthy  and  the 
time  required  for  the  completed  movement  is  called  the  time  of 
vibration.  The  intensity  of  light  depends  upon  the  amplitude,  and 
the  color  upon  the  wave-length,  violet  wave-lengths  being  shorter 
than  those  of  red  rays.  Two  waves  of  like  phase  or  position  which 
travel  in  the  same  direction  and  are  of  equal  intensity  \^all,  on 
meeting,  imite  to  form  a  wave  of  double  intensity  or  amplitude. 
If,  however,  these  waves  differ  in  phase  by  half  a  wave-length,  or 
an  odd  multiple  of  this,  they  interfere  and  extinguish  each  other. 
For  other  relations  of  phase,  they  are  also  said  to  interfere,  forming 
a  new  resultant  wave  which  differs  in  phase  and  amplitude  from 
each  of  its  component  waves.  If  they  are  waves  of  white  light  their 
interference  produces  the  colors  of  the  spectrum.  Waves  of  light 
are  propagated  in  all  directions  from  the  luminous  point,  and  the 
surface  which  contains  all  the  particles  which  commenced  their 
vibrations  simultaneously  is  called  the  wave-surface.  If  the  propa- 
gation of  Ught  proceeds  with  the  same  velocity  in  all  directions  the 
wave  surface  .must  be  a  sphere,  and  the  substance  which  acts  as  a 
medium  is  said  to  be  isotrQpic.  All  isometric  minerals,  amorphous 
substances,  liquids,  and  gases  belong  to  this  class.     If  light  travel^ 
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with  different  velocities  in  different  directions  in  a  mineral  it  is  said 
to  be  anisotropic.  Such  substances  fall  into  two  divisions,  as  fol- 
lows: (1)  light  travels  with  two  different  velocities,  and  therefore 
the  wave  surface  must  be  a  spheroid,  either  oblate  or  prolate 
accordingly  as  the  light  travels  faster  in  the  horizontal  or  vertical 
direction.  To  this  class  belong  the  minerals  of  the  tetragonal  and 
hexagonal  systems.-  In  Quartz  the  wave-surface  is  an  oblate 
spheroid,  while  in  Calcite  it  is  a  prolate  one.  (2)  light  travels 
with  different  velocity  in  three  different  directions,  and  will  have 
an  ellipsoid  for  a  wave-surface,  as  in  the  case  of  minerals  belonging 
to  the  orthorhombic,  monoclinic,  and  triclinic  systems. 

A.    Refraction. 

When  light  passes  through  a  homogeneous  medium  it  travels  in 
straight  lines,  but  when  it  passes  from  one  medium  to  another 
which  differs  in  density,  it  suffers  a  change  of  direction  called  re- 
fraction. The  law  of  refraction  is  that  a  ray  of  light  in  passing 
from  a  rarer  to  a  denser  medium  is  refracted  toward  the  perpen- 
dicular; but  if  from  a  denser  to  a  rarer  medium,  it  is  refracted 
away  from  the  perpendicular  to  the  surface  between  the  two 
media.  A  further  relation  was  also  experimentally  established 
in  1637  by  Snellius  and  Descartes,  independently  of  each  other: 
however  great  or  small  the  angle  of  incidence  may  be,  there 
is  always  a  constant  relation  between  it  and  the  angle  of 
refraction  for  two  given  substances.  This  relation  is  mathe- 
matically expressed  by  the  statement  that  the  sine  of  the  angle 
of  incidence  bears  a  constant  ratio  to  the  sine  of  the  angle  of 
refraction.     This  constant  is  called  the  refractive  index,  and  is 

denoted  by  n  in  the  expression  - — =n  where  i  and  r  are  the 
^  smr 

angles  of  incidence  and  refraction  respectively.    In  this  equation 

there  are  two  limiting  relations  to  be  considered.    If  the  angle  of 

incidence  is  zero,  then  sin  i=0,  and  the  equation  becomes  —. — 

-=n,  so  that  the  angle  of  refraction  becomes  zero,  which  means 
that  by  perpendicular  incidence  the  ray  proceeds  into  the  second 
medium  without  any  change  of  direction.    But  if  i=90**,  then 
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sin  i=  1,  and  -: — =*n,  or  sin  r=  — .    Since  n  hsB  a  fixed  value  for 
sinr  n 

every  substance,  it  is  evident  that  there  must  also  be  a  corresponding 

value  for  r  for  the  case  mentioned.    This  value  of  r  is  known  as  the 

critical  angle  or  angle  of  total  reflection.    It  is  well  known  that  all 

light  may  pass  from  a  rarer  to  a  denser  medium,  but  the  amount  of 

light  which  passes  from  denser  to  rarer  media  is  limited  by  the 

critical  angle,  which  may  be  defined  as  that  angle'  beyond  which 

no  light  passes  from  denser  to  rarer  media.    Thus  in  water,  which 

has  n-=  1.335  and  sinr=  ,  giving  r  a  value  of  48°  35';  while 

1.0t5o 

Diamond  with  a  refractive  index  of  2.42  has  a  critical  angle  of  24** 
25'.  These  expressions  mean  that  if  light  is  to  pass  from  water  or 
Diamond  into  air,  the  rays  must  strike  the  surface  at  angles  less 
than  48''  35',  or  24°  25'.  Since  only  the  light  which  strikes  under 
this  angle  can  pass  out,  it  is  evident  that  very  much  more  light  can 
enter  than  can  get  out,  which  must  therefore  affect  the  brilliancy 
of  a  substance,  with  the  result  that  those  which  have  the  smallest 
critical  angle  will  be  most  brilliant.  An  inspection  of  the  indices 
of  water  and  Diamond  also  shows  us  that  the  greater  the  index  the 
smaller  will  be  the  critical  angle.  As  previously  mentioned,  the 
refractive  index  is  a  constant  for  every  chemical  compound  for 
certain  crystallographic  directions.  For  all  isotropic  minerals  there 
is  but  one  value,  while  in  anisotropic  substances  there  are  two  or 
three  values  accordingly  as  the  wave-smface  of  light  is  a  spheroid 
or  ellipsoid.  There  wiU  therefore  be  two  values  of  n  known  as  w 
and  e  for  all  tetragonal  and  hexagonal  substances,  while  the  ortho- 
rhombic,  nionoclinic,  and  triclinic  systems  will  have  three  refractive 
indices  known  as  a,  /?,  and  y.  In  tables  of  this  constant,  the  aver- 
age of  all  indices  is  given  for  each  mineral.  Some  of  the  more 
common  minerals  have  the  following  indices: 

Ice 1.308      Apatite 1.636 

Water 1.335      Hornblende 1.644 

Fluorite 1.433      Labradorite 1.568 

Orthoclase 1.524      Muscovite 1.592 

Albite 1.535      Calcite 1.601 

Quartz 1.547      Tourmaline 1.635 
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Augite 1.715      Zircon 1.972 

Alraandite 1 .81 1       Sphalerite 2.260 

.Egyrite 1.815      Diamond 2.419 

Titanite 1 .915      Riitile 2.805 

]\I()st  rock-making  minerals  have  indices  ranging  from  1.5-1.8. 
The  index  is  accurately  determined  by  cutting  a  prism  from  the  min- 
eral, taking  care  that  the  angle  is  not  so  small  that  the  critical  angle 
is  exceeded.  This  prism  may  be  cut  in  any  direction  in  isotropic 
substances,  but  in  anisotropic,  the  edge  of  the  prism  must  be  made 
parallel  to  the  directions  which  give  the  values  of  n  that  are  to  be 
determined.  The  prism  is  carefully  polished  so  that  the  faces  be- 
come good  jnirrors  of  reflected  objects.  The  angle  of  the  prism  (a) 
is  then  measured  on  a  reflection  goniometer  in  the  same  manner 
that  an  interfacial  angle  is  determined.  Monochromatic  light  is 
then  passed  tlirough  the  prism,  and  it  is  found  that  a  ray  is  refracted 
more  or  less  according  to  the  angle  of  incidence,  but  the  variation 
is  least  when  the  ray  makes  equal  angles  with  the  sides  of  the  prism 
on  entering  and  emerging.  This  angle  is  known  as  that  of  mini" 
mum  deviation  (^),  and  is  also  measured  on  the  goniometer.  These 
values  are  substituted  in  the  following  formula: 


.    /a     d\ 

^"V+2; 

)= i (- 


.    a 
sm-2 

The  refractive  indices  of  minerals  in  thin  sections  of  rocks  are  rela- 
tively determined  very  easily  by  the  microscope.  The  sections 
which  are  from  y^^  to  -^  of  a  millimeter  in  thickness  are  mounted 
in  Canada  balsam  where  n=  1.536.  The  greater  that  transparent 
minerals  differ  in  their  indices  from  that  of  the  balsam,  the  greater 
seems  to  be  their  relief  above  the  same,  and  they  will  have  an  appar- 
ent roughness.  Most  minerals  have  refractive  indices  higher  than 
that  of  the  balsam,  but  if  a  mineral  should  be  lower  it  has  no  relief 
and  is  smooth.  Thus  Zircon  has  a  high  relief,  while  Orthoclase  has 
none. 

B,    Double  Refraction,  or  Birefringence. 
Double  refraction  is  the  property  possessed  by  all  anisotropic 
substances  of  splitting  a  single  ray  of  light  into  two  rays.  This  is  due 
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to  the  fact  that  the  Hght  travels  with  different  velocities  in  different 
crystallographic  directions  in  the  same  substance,  which  causes 
two  rays  as  a  resultant.  In  most  minerals  the  rays  are  not  far 
enough  apart  to  see  the  two  images,  but  in  the  variety  of  Calcite 
known  as  Iceland  Spar,  the  double  refraction  is  great  enough  to  be 
easily  perceived  in  small  pieces,  and  the  differences  in  the  rays  in- 
crease with  the  thickness  of  the  Calcite.  We  notice  that  as  we 
revolve  the  Calcite,  which  is  a  cleavage  rhombohedron,  one  image 
remains  stationary  while  the  other  revolves  around  it.  The  sta- 
tionary ray  is  called  the  ordinary  {oj)  because  it  follows  the  usual 
law  of  refraction  and  behaves  as  if  we  were  looking  through  a 
glass  plate.  The  second  ray  is  called  the  extraordinary  (e)  because 
it  does  not  follow  the  usual  law.  If  one  determines  the  refrac- 
tive index  of  each,  a>=  1.658,  while  £  =  1.486,  so  that  a)>e.  We 
notice  that  the  value  of  e  is  not  constant,  but  changes  with  the 
direction  of  incident  rays.  If  we  polish  off  two  surfaces  on  the 
cleavage  piece  of  Calcite  having  the  position  of  the  base,  we  notice 
that  there  is  but  one  image;  while  if  we  prepare  two  planes  parallel 
to  the  prism  we  find  that  the  rays  will  be  farthest  apart,  so  that 
the  extraordinary  ray  differs  most  from  the  ordinary  in  directions 
parallel  to  the  vertical  axis,  and  coincides  with  it  at  right  angles 
to  the  same,  that  is,  parallel  to  the  basal  pinacoid.  The  vertical 
axis  of  tetragonal  and  hexagonal  minerals  is  called  the  optical 
axis,  which  may  be  defined  as  the  direction  in  which  a  doubly 
refracting  substance  is  singly  refracting.  Since  in  these  systems 
there  is  but  one  such  direction,  they  are  known  as  uniaxial  sub- 
stances. In  all  such  substances  the  wave-surface  of  light  passing 
through  them  is  a  spheroid.  In  Calcite  the  light  travels  more 
rapidly  along  the  vertical  axis  than  along  the  lateral  ones,  so  that 
the  wave-surface  must  be  a  prolate  spheroid.  This  is  explained  by 
the  fact  that  the  ether  is  more  elastic  in  the  direction  of  the  c  axis, 
which  is  called  the  axis  of  greater  ether  elasticity  and  designated  by 
Old  English  a.  Refraction  and  elasticity  are  inversely  propor- 
tional to  each  other,  so  that  the  ray  with  the  greatest  index  will 
vibrato  along  the  direction  of  lesser  elasticity  (r).  All  uniaxial 
substances  which  like  Calcite  have  a  prolate  spheroid  for  a  wave- 
surface  of  light  traveling  in  them  are  said  to  be  optically  negative, 
or  that  the  character  of  their  double  refraction  is  negative.    In 
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such  substances  (o>€  and  the  axes  of  greater  ether  elasticity  coin- 
cide with  the  vertical  axis  (c=  a).  In  Quartz  the  light  travels  more 
rapidly  along  the  lateral  axes  than  the  vertical,  so  that  the  wave- 
surface  will  be  an  oblate  spheroid,  and  the  vertical  axis  will  be  axis 
of  lesser  elasticity  (c=t).  Here  ft>=  1.544,  £=1.553,  so  that  e>(o. 
In  such  substances  the  character  of  the  double  refraction  is  positive. 
The  maximum  double  refraction  of  uniaxial  minerals  is  found  by 
subtracting  the  lesser  index  from  the  greater  as  inCalcite,  cj—e,  or 
1.658  — 1.486  =  .172,  the  maximum  double  refraction  parallel  to  the 
vertical  axis,  since  perpendicular  to  the  same  it  is  zero;  in  Quartz, 
e  — CD  or  1.553  — 1.544  =  .009,  very  much  weaker  than  Calcite.  All 
anisotropic  substances  not  imiaxial  have  two  directions  in  which 
they  are  singly  refracting,  and  are  said  to  be  biaxial.  The  line 
which  symmetrically  bisects  the  angle  between  the  two  optical 
axes  is  called  the  bisectrix.  There  is  an  acute  and  an  obtuse  angle, 
and  consequently  acute  and  obtuse  bisectrices.  All  orthorhombic, 
monochnic,  and  tri clinic  minerals  have  three  indices  of  refraction, 
since  their  wave  surface  is  an  ellipsoid  having  three  axes,  so  that 
the  maximum  double  refraction  is  expressed  by  /'—a,  since  y  is 
always  the  largest  index  vibrating  parallel  to  the  smallest  elasticity 
(c),  and  a  is  the  smallest  index  vibrating  along  the  greatest  elasticity 
(a).  J^iaxial  substances  in  which  the  acut^  bisectrix  is  axis  of 
greatest  elasticity,  (Bo  =  a),  are  negative,  but  if  the  acute  bisectrix 
is  axis  of  least  elasticity  it  is  pa<^itive  (Ho  =  c).  The  relative  double 
refraction  of  all  anisotropic  minerals  is  shown  in  thin  sections  of 
rocks  by  what  is  called  interference  colors.  The  micniscope  is  so 
arranged  that  the  two  rays  of  each  doubly  refracting  mineral  are 
brought  into  the  same  plane  with  a  difference  of  phase  amounting 
to  odd  multiples  of  half  wave-lengths,  which  will  cause  the  rays  of 
white  Hght  to  interfere  and  produce  the  colors  of  the  spectrum  as  in 
the  Newton  color  scale,  in  which  there  are  several  orders  of  colors,  of 
which  the  first,  second,  and  third  are  the  most  common.  In  the 
scale  the  colors  begin  with  darkness  and  grade  successively  into  blu- 
ish gray,  gray,  yellow  red,  blue,  and  green.  If  the  minerals  are  of 
the  same  thickness,  a  given  section  of  one  mineral  will  show  a  higher 
color  than  a  similar  section  of  another,  provided  the  former  has  a 
greater  double  refraction.    Thus  since  Calcite  is  .172,  and  Quartz, 
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.009,  the  former  must  show  higher  colors  in  the  scale,  provided  the 
sections  and  thickness  of  both  are  the  same. 

C.  Disperaion. 

Dispersion  is  the  separation  of  white  light  into  its  components. 
It  is  due  to  the  fact  that  some  kinds  of  light  suffer  more  refraction 
than  others,  and  therefore  the  index  of  refraction  for  red  rays  is 
different  from  that  of  violet  rays.  If  we  pass  white  light  through  a 
prism,  we  get  the  colors  of  the  spectrum,  since  red  rays  have  longer 
wave-lengths,  vibrate  more  slowly,  and  consequently  suffer  less 
refraction  than  the  violet  rays,  which  have  shorter  wave-lengths 
and  greater  velocity.  The  prismatic  colors  seen  in  the  Diamond, 
especially  by  artificial  light,  are  due  to  dispersion,  n  for  red 
=  2.4135,  n  for  green  =  2.4278.  which  is  a  considerable  difference  for 
two  kinds  of  Ught. 

D.  Polarization, 

This  is  a  change  in  the  character  of  reflected  and  transmitted 
light  which  diminishes  its  power  of  being  further  reflected  or 
transmitted.  This  change  of  character  may  be  observed  by 
means  of  a  glass  plate  and  what  is  called  a  Nicol  prism. 
The  light  is  reflected  from  the  glass,  and  if  we  hold  the 
prism  in  front  of  the  eye,  making  a  certain  angle  with  the 
glass,  we  notice  that  a  minimum  amount  of  light  reaches  the 
eye,  but  if  we  revolve  the  Nicol  90*^,  the  maximum  amount 
passes  through.  In  this  operation,  then,  the  light  has  changed  its 
character  so  that  at  times  not  all  is  transmitted.  According  to 
the  imdulatory  theory  of  light,  a  polarized  ray  is  one  whose  vibra- 
tions take  place  in  a  single  plane  only.  All  light  which  has  been 
reflected  or  refracted  is  always  at  least  partially  polarized.  It  is 
possible  to  obtain  polarized  light  in  three  general  ways:  (1)  by 
,  transmission  through  glass  plates;  (2)  by  reflection  from  mirrors; 
(3)  by  refraction  through  anisotropic  minerals.  We  generally  use 
doubly  refracting  minerals  to  furnish  us  with  polarized  light.  A 
very  convenient  mineral  is  Tourmaline,  two  pieces  of  which  are 
mounted  and  called  Tourmaline  tongs.  They  consist  of  two  thin 
plates  cut  from  a  crystal  parallel  to  the  vertical  axis.  If  the  two 
pieces  are  placed  parallel,  the  maximum  amoimt  of  Ught  passes 
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through,  but  if  their  two  vertical  axes  are  at  right  angles  most  of 
the  light  is  extinguished.  This  is  explained  by  the  fact  that  the 
mineral  has  the  natural  ability  to  absorb  the  ordinary  ray  ((o) 
while  it  allows  the  extraordinary  ray  (e)  to  pass;  when  the  two 
plates  have  their  vertical  axes  coincident  all  light  passing  through 
vibrates  as  an  extraordinary  ray,  but  when  they  are  perpendiculat 
the  light  vibrating  in  the  first  plate  as  an  extraordinary  ray  parallel 
c  now  enters  the  second  plate  and  vibrates  parallel  to  the  lateral 
axes,  in  other  words  as  an  ordinary  ray,  and  is  consequently  ab- 
sorbed. The  first  plate  is  known  as  the  polarizer^  while  the  second, 
which  annihilates  the  light,  is  called  the  analyzer.  In  all  Tourmaline 
tongs  a  plano-convex  lens  to  cause  convergent  rays  of  light  is 
present,  which  enables  us  to  examine  what  are  called  optical  inter- 
ference figures  in  certain  sections  of  anisotropic  minerals.  The  one 
great  disadvantage  of  Tourmaline  as  a  polarizing  substance  is 
the  fact  that  it  is  hard,  brittle,  and  is  so  strongly  colored  that  it 
does  not  afford  white  light.  A  much  better  substance  in  every 
respect  is  the  variety  of  Calcite  called  Iceland  Spar.  A  cleavage 
piece  is  chosen  which  is  about  throe  times  as  long  as  it  is  thick, 
having  four  large  faces  and  two  small  ones.  In  place  of  the  latter, 
two  new  planes  are  cut  making  angles  of  68°  and  112°,  instead  of 
71°  and  109°,  with  the  obtuse  vertical  edges.  The  mineral  is  then 
cut  through  in  a  diagonal  manner  and  cemented  by  Canada  balsam. 
The  index  of 'the  ordinary  ray  (oj)  is  1.658,  while  that  of  the  extraor- 
dinary ray  (e)  is  1.486  and  that  of  the  balsam  is  1.536,  which  is 
between  those  of  the  Calcite.  The  ordinary  ray  can  only  pass  into 
the  balsam"  under  its  critical  angle,  and  the  j)olishing  of  the  two 
new  planes,  as  well  as  the  angle  at  which  it  was  cut  in  two,  was 
calculated  so  that  this  ray  would  strike  the  balsam  at  a  greater 
angle  than  the  critical  one.  As  a  consecjuence,  the  ordinary  ray  is 
totally  reflected  and  absorbed  in  the  blackened  walls  of  the  cork 
mountings,  while  the  extraordinary  ray  passes  through  and  emerges 
as  a  completely  polarized  ray  which  vibrates  in  a  known  direction. 
This  instrument  is  known  as  a  Nicol  prism. 

E.    Interference  Figures. 

When  we  send  converging  rays  of  polarized  light  into  anisotropic 
minerals  along  certain  directions  we  obtain  what  are  called  inter- 
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ference  figures,  which  are  of  value  in  the  determination  of  the  differ- 
ent classes  of  crystal  systems.  In  order  to  obtain  these  figures  with 
the  Tounnaline  tongs,  the  two  plates,  polarizer  and  analyzer,  must 
have  their  vertical  axes  at  right  angles  to  each  other.  With  con- 
vergent light  we  can  also  obtain  the  same  phenomena  by  means  of 
two  Nicol  prisms  having  their  vibration  planes  perpendicular,  or, 
as  we  say,  "crossed."  The  mineral  must  be  between  the  two, 
and  the  lower  one  may  be  called  the  polarizer,  while  the  upper  one 
is  the  analyzer.  All  isotropic  substances  remain  dark  in  all  po- 
sitions of  the  mineral.  Sections  of  uniaxial  numerals  at  right  angles 
to  the  optical  axis  which  is  parallel  to  the  base,  show  a  series  of 
prismatic  colored  circles  with  a  dark  immovable  cross.  The  whole 
figure  does  not  move  on  revolving  the  mineral  between  the  polarizer 
and  analyzer.  Sections  of  biaxial  minerals  at  right  angles  to  an 
optical  axis  give  a  series  of  colored  ellipses  with  one  dark  brush 
which  is  the  projection  of  the  plane  of  the  optical  axis,  and  which 
on  revolving  the  mineral  becomes  a  branch  of  a  hyperbola  whose 
convex  side  points  toward  the  other  axis.  Sections  of  biaxial  min- 
erals at  right  angles  to  the  acute  bisectrix  give  a  series  of  ellipses, 
and  lemniscates  with  a  dark  brush-like  cross  which  on  revolving 
the  mineral  changes  into  a  hyperbola,  the  most  convex  points  of 
which  mark  the  position  of  the  optical  axes.  If  the  angle  of  the 
axes  is  large  the  curves  will  be  far  apart,  but  if  it  is  small  they 
may  be  so  close  together  that  the  figure  closely  resembles  that 
of  a  uniaxial  mineral.  In  investigation  of  luiknown  minerals  the 
occurrence  of  any  one  of  these  figures  or  their  absence  would  show 
us  to  which  of  the  three  classes  of  crystal  systems  it  belonged. 

F.     Circular  Polarization. 

In  remarks  on  polarized  light  it  is  generaUy  assumed  that  a 
polarized  ray  is  one  whose  vibrations  take  place  in  a  single  plane, 
so  that  the  plane  of  polarization  at  right  angles  to  this  is  a  fixed 
plane.  Such  a  ray  is  said  to  be  linearly  polarized.  Many  sub- 
stances, however,  have  the  power  of  rotating  the  plane  of  polariza- 
tion so  that  they  act  as  if  their  planes  of  polarization  were  wound 
like  the  thread  of  a  screw.  So  far  the  phenomenon  has  only  been 
noticed  on  the  imiaxial  minerals,  Quartz  and  Cinnabar,  and  all 
phenomena  have  been  explained  by  the  assumption  that  all  rays  of 
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polarized  light  striking  parallel  to  the  optical  axis  or  nearly  so 
have  circular  instead  of  linear  vibrations,  whence  the  name  circular 
polarization.  Plates  of  Quartz  one  millimeter  thick  cut  parallel  to 
the  base  do  not  show  the  cross  at  the  centre,  but,  instead,  the  space 
within  the  inner  circle  is  brilliantly  colored.  If  we  use  monochro- 
matic light  such  as  sodium,  we  find  that  on  turning  the  analyzer 
about  22®  to  the  right  or  left,  the  cross  will  appear^  and  if  the  plate  is 
two  millimeters  thick,  44°  will  be  necessary  to  bring  back  the  cross, 
so  that  the  plane  of  polarization  is  rotated  in  proportion  to  the 
thickness.  Crystals  which  have  right-handed  trigonal  trapezo- 
hedrons  rotate  it  to  the  right,  while  the  left-handed  forms  take  an 
equal  number  of  degrees  in  the  opposite  direction.  Sugar  solutions 
have  the  same  property,  and  it  should  be  expected  in  all  enantio- 
morphous  anisotropic  substances.  Cinnabar  possesses  the  property 
fifteen  times  stronger  than  Quartz,  and  a  section  one  millimeter 
thick  will  rotate  the  plane  of  polarization  for  sodium  light  330°, 
while  Quartz  requires  but  22°.  If  we  place  a  right-handed  and 
left-handed  section  of  Quartz  cut  parallel  to  the  base  over  each 
other  between  any  polarizing  instrument  with  convergent  light  we 
obtain  the  phenomena  known  as  Airy's  spirals. 

When  we  classify  substances  with  respect  to  their  action  on 
light,  we  find  that  they  fall  into  three  divisions,  just  as  there  are 
three  classes  of  crystal  systems  because  of  the  number  of  principal 
planes  of  symmetry  present.    We  have: 

I.  Isotropic  bodies,  singly  refracting,  including  gases,  liquids, 
amorphous  substances,  and  isometric  minerals. 

II.  Anisotropic  substances,  doubly  refracting,  whiclf  fall  into 
two  subdivisions  as  follows: 


^    TT  •     •  1  ( tetragonal  substances. 
1.  Uniaxial  <  ,        ^      ,        ,, 
(hexagonal        * 


{orthorhombic  '' 
monoclinic  ' ' 
triclinic  " 

Isotropic  bodies,  provided  they  are  cr>'stals,  have  three  principal 
planes  of  symmetry,  uniaxial  substances  have  one,  and  biaxial 
solids  have  none,  which  shows  that  the  geometric  planes  of  sym- 
metry must  coincide  with  the  physical  planes  of  symmetry  as  far 
as  light  is  concerned. 


I 
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G,    Diaphaneity, 

This  is  the  power  of  transmitting  light,  and  belongs  to  all  min- 
erals more  or  less,  whether  crystalline  or  not.  The  amount  trans- 
mitted varies  in  intensity  according  to  the  amount  absorbed,  from 
pei-fectly  transparent  minerals  in  which  all  is  transmitted  to 
opaque  substances  in  which  all  light  is  absorbed.  There  are  five 
degrees  of  diaphaneity,  as  follows: 

1.  Transparent:  when  the  outline  of  an  object  may  be  distinctly 
seen  through  a  mineral.    Calcite,  Quartz,  Halite. 

2.  Sub-  or  semi-transparent:  when  objects  are  visible,  but  the 
outUnes  are  not  distinct,  as  some  Fluorites  and  Opals. 

3.  Translucent:  when  light  is  transmitted,  but  no  objects  are 
seen.    Chalcedony,  Agates,  Flint,  Milky  Quartz. 

4.  Sub-  or  semi-translucent:  when  light  is  transmitted  only 
through  the  edges,  as  in  some  Feldspars. 

5.  Opaque:  when  no  light  passes  through,  as  in  metals  and 
substances  with  metallic  lustre  like  Pyrite,  Galena,  as  well  as  others 
like  Magnetite  and  Hematite. 

These  degrees  of  diaphaneity  are  purely  relative,  since  their 
power  of  transmission  depends  upon  thickness,  and  there  is  no  sub- 
stance which  does  not  transmit  some  light  if  thin  enough.  Recent 
investigations  have  shown  that  some  metals  may  be  volatilized  and 
deposited  on  the  walls  of  glass  tubes  in  continuous  layers  which  are 
transparent.  Gold  in  these  intensely  thin  films  becomes  green,  and 
silver  blue  by  transmitted  light. 

H.    Color. 

The  color  of  a  substance  depends  upon  the  kind  of  light  reflected 
or  transmitted,  and  therefore  upon  the  power  of  absorbing  certain 
rays  of  the  spectrum.  Thus  a  green  mineral  absorbs  all  rays  except 
green,  which  is  reflected.  In  many  cases  the  color  of  a  mineral  is 
due  to  a  mixtm-e  of  the  unabsorbed  rays.  Minerals  may  be  divided 
into  two  classes  according  to  the  origin  of  their  color :  (1)  those  whose 
color  is  essential  and  belongs  to  the  finest  particles;  (2)  those  whose 
color  is  non-essential  and  the  color  of  whose  powder  is  different 
from  that  of  the  mass.  The  streak  or  color  of  the  powder  is  therefore 
an  important  feature  in  determining  some  minerals.     It  is  best  ob- 
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tained  by  scratching  the  substance  upon  an  unglazed  porcelain 
plate.  To  the  first  class  belong  the  metals  and  many  metallic  min- 
eralS;  but  they  are  opaque,  and  the  color  can  only  be  seen  in  ver}^ 
thin  films,  as  in  the  case  of  Gold  and  Silver.  Hematite  has  a  red 
powder  and  is  also  red  by  transmitted  light  if  thin  enough,  while 
Magnetite,  which  is  black,  has  a  black  streak.  To  the  second  class 
belong  the  sihcates,  and  in  fact  most  minerals  where  the  color  is 
unessential,  and  is  due  to  some  impurity  which  serves  as  a  pigment. 
The  amount  is  so  small  and  it  is  so  finely  subdivided  and  distributed 
that  it  is  often  impossible  to  learn  the  true  nature  of  the  coloring 
matter.  Tourmaline  is  black,  brown,  pink,  green,  and  blue,  hut 
the  streak  is  nearly  white.  In  most  substances  the  colors  are  due 
to  inorganic  elements,  the  most  common  of  which  are  iron,  man- 
ganese, chromium,  and  titanium,  but  in  some  minerals  such  as 
Smoky  Quartz,  HaUte,  and  Micas  the  color  is  due  to  organic  com- 
pounds often  hydrocarbons,  and  can  be  volatilized  by  heat.  In 
still  other  cases,  as  we  have  previously  found,  the  minute  inclu- 
sions of  crystals  will  cause  the  color.  Quartz  is  at  times  green 
or  black  from  inclusions  of  Chlorite  or  Tourmaline. 

Varieties  of  Color. — Colors  are  divided  into  metallic  and  non- 
metallic,  and  in  order  to  give  more  precision  for  descriptive  pur- 
poses eight  colors  are  selected  and  each  is  illustrated  by  minerals 
as  follows:  white,  gray,  black,  blue,  green,  yellow,  red,  and  brown. 

A.    Metallic  Colors. 

1.  Copper-red,  Native  Copper;  2.  Bronze-yellow,  Pyrrhotite; 
3.  Brass-yellow,  Chalcopyrite;  4.  Gold-yellow,  color  of  18-carat 
Gold;  5.  Silver-white,  Native  Silver,  Arsenopyrite;  6.  Tin- white, 
Mercury,  Cobaltite;  7.  Lead-gray,  Galena,  Molybdenite;  8.  Steel- 
gray,  color  of  fine-grained  steel  on  fresh  fracture.  Platinum. 

B.    NonHfnetaRic  Colors. 

1.  White.  A.  Snow-white,  Carrara  Marble;  B.  Reddish  white, 
some  Calcite  and  Quartz;  C.  Greenish  white.  Talc;  D.  Milk-white, 
slightly  bluish  white,  some  Chalcedony. 

2.  Gray.  A.  Smoke-gray,  gray  with  some  brown,  Flint;  B. 
Greenish  gray,  gray  with  some  green,  as  in  Cat's  Eye  and  some 


300  GENERAL  AND  SPECIAL  MINERALOGY 

Talc;  C.  Yellowish  gray,  some  Siderite;  D.  Ash-gray,  the  purest 
gray  color,  as  in  Zoisite. 

3.  Black.  A.  Velvet-black,  pure  black  as  in  black  Tourmaline 
and  the  volcanic  glass  Obsidian;  B.  Grayish  black,  some  Basalt-s; 
C.  Greenish  black,  Augite. 

4.  Blue.  A.  Blackish  blue,  dark  varieties  of  Azurite;  B. 
Azure-blue,  pale  varieties  of  Aziu-ite,  Lazulite,  Sodalite;  C.  Violet- 
bhie,  blue  mixed  with  red,  Amethyst,  Fluorite;  D.  Prussian  Blue 
or  Berlin  Blue,  pure  blue  as  in  Sapphire  and  Cyanite;  E.  Indigo- 
blue,  blue  with  black  and  green,  Covellite  and  blue  Tourmaline;  F. 
Turquoise-  or  sky-blue,  blue  with  a  little  green  as  in  Turquoise 
and  GhrysocoUa. 

5.  Green.  A.  Verdigris-green,  green  inclining  to  blue,  Amazon 
Stone;  B.  Mountain-green,  green  with  much  blue,  Beryl;  C.  liCek- 
green,  green  with  some  brown,  the  color  of  garlic  leaves,  which  is  seen 
in  the  variety  of  Quartz  called  Prase,  also  in  Crocidolite;  D.  Emer- 
ald-green, pure  deep  green,  as  in  the  variety  of  Beryl  called  Emerald ; 
E.  Apple-green,  light  green  with  some  yellow,  Chrysoprase,  Gen- 
thite,  Gamierite;  F.  Grass-green,  bright  green  with  more  yellow, 
Chrome  Diopside;  G.  Pistachio-green,  yellowish  green  with  some 
brown,  Epidote;  H.  Blackish  green.  Serpentine;  I.  Olive-green, 
dark  green  with  much  brown  and  yellow,  Olivine. 

6.  Yellow.  A.  Sulphur  -  yellow,  Sulphur;  B.  Straw  -  yellow, 
Topaz;  C.  Wax-yellow,  grajdsh  yellow  with  some  brown,  Cerargy- 
rite.  Sphalerite;  D.  Lemon-yellow,  Orpiment;  E.  Ochre-yellow, 
yellow  with  brown,  Limonite;  F.  Wine-yellow,  some  Topaz  and 
Fluorite. 

7.  Red.  A.  Aurora-red,  red  with  much  yellow.  Realgar;  B. 
Scarlet-red,  bright  red  with  tinge  of  yellow.  Cinnabar,  Proustite; 
C.  Blood-red,  dark  or  deep  red  with  some  yellow,  Almandite, 
Pyrope,  and  Spessartite  Garnets;  D.  Flesh-red,  some  Orthodase; 
E.  Carmine-red  to  crimson-red,  pure  red.  Ruby,  Corundum;  F. 
Rose-red,  Rose  Quartz,  Rhodochrosite;  G.  Peach-blossom-red, 
I-/epidolite,  red  with  some  white  and  gray.  Cobalt-bloom  or  Ery- 
thrite;  I.  Brownish  red,  some  Jasper  and  Limonite. 

8.  Brown.  A.  Reddish  brown,  Zircon,  Garnet,  Apatite;  B. 
Chestnut-brown,  pure  brown;  C.  Yellowish  brown,  Jasper;  D. 
Pinchbeck-brown,  yellowish  brown  with  a  metallic  luster,  Bomite 
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and  Bronzite;  E.  Liver-brown,  brown  with  some  gray  and  green, 
Jasper;  F.  Blackish  brown,  Bituminous  Coal,  Lignite,  or  Brown 
Coal. 

/.    Pleochroism. 

In  addition  to  the  general  phenomena  of  color  which  belongs  to 
all  minerals  alike,  some  crystallized  substances  show  special  cases 
of  color  absorption  called  fkochroisniy  which  may  be  defined  as 
the  different  absorption  of  light  along  different  crystallographic 
directions,  so  that  the  color  of  minerals  in  transmitted  light  will 
depend  as  a  rule  upon  the  direction  in  which  they  are  viewed.  In 
the  isometric  system  light  travels  equally  in  all  directions,  and 
therefore  there  is  no  difference  of  absorption,  consequently  no 
pleochroism;  while  in  anisotropic  substances  it  is  to  be  expected. 
It  is  not  always  pr^ent,  especially  in  colorless  minerals,  while  some 
possess  the  property  more  markedly  than  others.  In  all  unia^al 
minerals  which  include  tetragonal  and  hexagonal  ones,  the  axes 
are  written  a:a:c  and  a^ia^ia^iCy  so  that  there  are  two  different 
directions  causing  a  spheroidal  wave-surface.  In  these  systems 
there  will  consequently  be  two  possible  absorption  colors,  and  the 
minerals  are  said  to  be  dichroic,  while  the  phenomenon  is  called 
dichroism.  Examples  of  such  are  Zircon,  Cassiterite,  Tourmaline, 
and  some  Beryl.  Biaxial  minerals  have  three  imequal  crystallo- 
graphic directions  and  possess  ellipsoidal  wave-surfaces  of  light,  so 
that  we  have  three  possible  kinds  of  absorption.  Minerals  of  the 
orthorhombic,  monoclinic,  and  triclinic  systems  which  possess  the 
property  are  said  to  be  trichraiCy  and  the  phenomenon  is  designated 
as  trichroism.  Examples  are  Cordierite,  Hypersthene,  Biotite, 
most  Amphiboles,  ^Egyrite,  and  Epidote.  A  classification  of  the 
different  systems  based  upon  pleochroism,  as  has  probably  been 
seen,  will  coincide  with  the  general  classification  for  the  systems  in 
respect  to  light,  and  this  phenomenon  would  better  be  discussed 
under  the  optical  properties  rather  than  under  color,  which  belongs 
to  all  minerals  alike.     We  have; 

1.  Nbn-pleochroic  substances:  Isotropic— Amorphous  bodies 
and  isometric  minerals. 

2.  Dichroic  substances:  Anisotropic,  uniaxial = tetragonal  aud 
hexagonal  miner^Js, 
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3.  Trichroic  substances:  Anisotropic,  biaxial =orthorhombic, 
monoclinic,  and  triclinic  minerals. 

If  one  looks  through  the  basal  pinacoid  of  a  uniaxial  pleochroic 
mineral  one  sees  a  single  color,  which  is  that  of  the  ordinary  ray 
alone.  This  is  called  the  axM  color  because  it  belongs  to  a  single 
axis  or  direction,  in  this  case  that  of  the  lateral  axes  a  :  a  or  o^ :  a, : 
Oj.  If,  on  the  other  hand,  we  look  through  a  prism  face,  the  color 
observed  must  be  a  resultant  of  the  ordinary'  and  extraordinary 
rays,  since  the  former  vibrates  parallel  a  and  the  latter  parallel  c. 
The  resulting  color  is  called  a  surface  color ^  which  will  always  be  a 
resultant  of  two  axial  colors.  Surface  colors  are  of  no  value  to  us, 
but  we  wish  alwa3rs  to  know  the  true  axial  colors.  An  instrument 
which  enables  us  to  do  this  is  the  dichroscopej  invented  by  an 
Austrian  mineralogist  named  Haidinger  about  1845.  It  is  an 
elongated  cleavage  piece  of  Calcite  with  a  wedge-shaped  piece  of 
glass  with  an  angle  of  18®  cemented  on  each  end  to  give  perpen- 
dicular incidence.  This  is  placed  in  a  brass  cylinder  with  a  plano- 
convex lens  at  one  end  to  magnify  slightly,  and  a  square  hole  at 
the  other.  Owing  to  the  strong  double  refraction  of  Calcite  when 
we  look  through  the  dichroscope,  the  square  hole  appears  double, 
one  image  belonging  to  the  ordinary  and  the  other  to  the  extraor- 
dinary ray.  If  we  now  look  at  a  prism  face  by  transmitted  light 
we  see  two  colors  instead  of  the  single  surface  color  observed  with 
the  unaided  eye.  Since  the  two  images  are  side  by  side,  a  slight 
difference  in  color  is  easily  perceptible.  At  intervals  of  90°,  by 
revolving  the  dichroscope  we  obtain  the  maximum  pleochroism  of 
each  ray. 

We  may  also  use  a  Nicol  prism  to  observe  pleochroism,  but  in 
this  case  we  must  examine  the  colors  of  the  ordinary  and  extraor- 
dinary rays  at  different  times.  The  Nicol  allows  only  those  rays 
to  pass  out  which  are  vibrating  in  the  short  diagonal  as  extraor- 
dinary rays,  so  that  we  observe  the  absorption  of  one  axis  giving 
either  ordinary  or  extraordiiiarj'  ray,  and  then  revolve  the  mineral 
90°  to  get  the  axial  color  of  the  second  ray.  This  method  is  the 
most  convenient,  ?ind  is  used  for  all  microscopic  work. 
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J.    PeculiarUies  in  the  Arrangement  of  Colors. 

1 .  Play  of  colors.  This  is  the  appearance  of  several  prismatic 
colors  in  rapid  succession  on  turning  the  mineral.  It  is  common 
in  the  Diamond  and  precious  Opal,  and  is  best  observed  by  artificial 
light.     It  is  probably  due  to  dispersion  and  interference. 

2.  Change  of  color.  Here  each  particular  color  appears  to  cover 
a  greater  area  than  in  the  previous  case,  and  the  succession  of  colors 
produced  by  turning  the  mineral  is  less  rapid.  Examples  are 
Labradorite  and  Albite,  but  it  is  not  a  constant  phenomenon  in 
either.  It  has  been  explained  by  the  presence  of  minute  crystals 
in  parallel  position,  also  by  intensely  fine  cleavage  cracks  which 
are  supposed  to  cause  the  reflection  and  interference  of  light  analo- 
gous to  the  phenomenon  of  Newton's  rings.  Labradorite  generally 
shows  deep  blue,  but  sometimes  green  and  yellow  colors  on  the 
brachypinacoid,  which  is  a  poor  cleavage  face  and  is  nearly  at 
right  angles  to  the  better  cleavage  face,  the  base,  which  shows  the 
polysynthetic  twinning  lines  after  the  Albite  law.  Albite  some- 
times shows  a  light  blue  color  on  the  same  face  as  Labradorite. 

3.  Opalescence  is  a  milky  or  pearly  reflection  from  the  interior 
of  the  mineral.  It  is  shown  by  the  variety  of  Orthoclase  called 
Moonstone,  also  by  Cat's  Eye  and  some  Opals.  It  has  also  been 
explained  as  due  to  internal  peculiarities,  such  as  difference  in 
chemical  composition,  causing  the  peculiar  reflection  of  light. 

4.  Iridescence  is  the  presentation  of  prismatic  colors  in  the 
interior,  due  generally  to  cleavage  cracks  which  are  filled  with  air, 
and  therefore  of  different  chemical  composition  from  the  rest  of 
the  mineral.  This  causes  interference  just  as  in  the  Newton  rings 
where  a  plano-convex  lens  is  pressed  upon  a  flat  piece  of  glass. 
When  observed  from  above,  the  center  of  the  lens  is  surrounded 
by  spectral  rings.  Some  of  the  light  which  falls  vertically  upon 
the  lens  is  reflected  at  the  curved  surface,  and  some  is  reflected 
from  the  glass  plate  under  the  lens.  These  rays  have  to  traverse 
the  wedge-shaped  mass  of  air  between  the  lens  and  the  plate  twice, 
and  whenever  the  thickness  of  the  air  film  is  such  that  the  two  sets 
of  reflected  waves  unite  in  opposite  phase,  they  produce  inter- 
ference. This  is  quite  characteristic  of  pearls  and  pearly  shells 
which  have  their  material  arranged  in  thin  lamell©  where  the  air 
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fills  the  intermediate  space,  so  that  the  pearly  luster  of  minerals 
results  in  a  similar  manner  from  good  cleavage.  This  iridescence 
or  pearly  luster  is  seen  on  the  base  of  Barite,  Celestite,  Topaz, 
and  some  Feldspars  very  clearly. 

5.  Tamish.  A  mineral  is  said  to  be  tarnished  when  the  surface 
color  differs  from  that  of  a  fresh  fracture.  It  is  an  iris  tamish  if  it 
shows  fixed  prismatic  colors  as  in  some  Hematite  and  Chalcopyrite. 
Tamish  is  caused  by  a  change  in  chemical  composition  at  the 
surface,  and  is  generally  due  to  oxidation  or  foreign  incrustation. 
Most  of  the  sulphides  of  Copper  have  a  red,  and  finally  an  indigo- 
blue  tamish  of  Covellite,  especially  Bornite,  Chalcocite,  and  Chal- 
copyrite. Bornite  is  bronze-yellow  to  pinchbeck-brown,  but  an 
exposure  to  the  air  of  a  few  days  causes  it  to  assume  a  red,  then 
purple,  and  finally  a  blue  color.  It  is  commonly  known  as  peacock 
ore,  but  any  mineral  may  have  an  irised  tamish.  Hydrated  iron 
oxide  formed  from  Pyrite  is  the  most  common  source  of  the  peacock 
colors  on  Coal  and  Hematite. 

K,    Reflection  Figures. 

A  perfectly  even  surface  wall  reflect  a  ray  of  light  giving  a  per- 
fect image,  but  if  the  surface  is  rough,  striated,  or  etched  as  are  many 
crystal  planes,  then  it  is  evident  that  any  image  reflected  from  such 
faces  will  be  more  or  less  distorted.  We  find  that  many  crystal 
faces  have  been  etched  by  natural  reagents,  and  we  have  also  seen 
that  crystal  structure  may  be  studied  by  means  of  artificial  etching 
figures  which  are  angular  depressions  or  elevations  on  crystal  faces 
corresponding  to  some  crystallographic  direction,  whether  edges  or 
planes.  If  rays  of  light  from  a  candle  or  other  concentrated  sur- 
face are  allowed  to  strike  upon  the  walls  of  these  etching  figures,  we 
obtain  a  reflection  figure^  or,  as  it  is  called  in  German,  Lichtfigur, 
which  will  have  as  many  rays  as  there  are  walls  to  the  depression, 
and  must  therefore  possess  the  same  sjnnmetry,  which  in  tum  is 
that  of  the  crystal  face.  Reflection  figures  may  consequently  be 
used  in  the  study  of  molecular  structure  even  better  than  etching 
figures,  which  are  generally  very  small  and  indistinct.  They  are 
nevertheless  completely  parallel,  and  a  surface  composed  of  them 
will  give  a  large,  imited  reflection  figure.  Thus  the  reflection 
figure  on  a  rhombohedral  cleavage  face  of  Calcite  made  by  HCl 
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is  made  up  of  four  rays,  of  which  one  is  small.  It  has  one  plane 
of  symmetry,  while  that  obtained  from  a  Calcite  base  with  the 
same  acid  has  three  planes.  Muscovite  on  the  base  gives  a  six- 
rayed  monosymmetric  figure.  Barite  shows  an  eight-rayed  figure 
on  the  base  that  is  disymmetric.  Quartz  etched  wRh  HF  on  a 
rhombohedron  face  gives  an  asymmetric  reflection  figure  which 
distinguishes  right-handed  from  left-handed  crystals.  In  the 
former  a  small  ray  points  downward  toward  the  left,  while  in  the 
latter  it  points  toward  the  right. 

L.    Asterism. 

This  is  the  name  appUed  to  the  phenomenon  shown  by  some 
minerals  which  cause  peculiar  star-like  rays  of  light  to  be  observed 
when  looked  at  in  certain  directions  in  reflected  or  transmitted 
light.  When  Sapphire  plates  cut  at  right  angles  to  the  vertical 
axis  are  viewed  in  transmitted  light,  a  six-rayed  star  is  seen.  It 
is  also  observable  by  reflected  light,  and  exceptionally  clear  when 
the  mineral  is  cut  as  a  spherical  surface  over  the  end  of  the  c  axis. 
This  phenomenon  was  first  observed  in  1768,  and  has  been  explained 
by  the  presence  of  intensely  fine  tubular  depressions  which  are 
parallel  to  the  hexagonal  prism,  and  by  their  arrangement  cause 
the  reflection  as  a  six-rayed  star.  It  has  also  been  explained 
as  caused  by  polysynthetic  twinning.  The  Phlogopite  Mica  from 
South  Burgess,  Ontario,  Canada,  also  shows  a  six-rayed  star  by 
transmitted  hght.  The  microscope  shows  an  immense  niunber  of 
intensely  small  columnar  crystals,  probably  of  Rutile,  which  are 
arranged  in  three  directions  at  60*^.  The  light  rays  are  reflected 
by  these  minute  crystals  and  produce  the  above  phenomenon. 

M.    Phosphorescence. 

This  is  the  emission  of  light  generally  at  comparatively  low 
temperatures  without  any  observable  change  of  substance.  It 
should  be  observed  in  the  dark,  and  may  be  produced  in  the 
following  ways: 

1.  By  friction.  Light  is  evolved  from  Quartz  or  loaf  sugar  if 
two  pieces  are  rubbed  together.  Some  Sphalerite  (Kapnik)  if 
scratched  or  rubbed  with  a  feather  will  show  the  phenomenon,  and 
many  dolomitic  Limestones  possess  the  same  property  and  are 
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called  Hellfire  rock  by  some  people.     Comparatively  few  minerals, 
however,  phosphoresce  by  friction. 

2.  By  heat.  Many  minerals  evolve  light  if  heated.  For  some 
the  warmth  of  the  hand  is  sufficient,  as  in  some  Diamonds,  Topaz, 
and  Fluorites;  different  varieties  of  Fluorite  give  different  colors, 
such  as  emerald-green,  purple,  blue,  and  red.  Some  Limestones 
emit  a  yellow  light,  and  some  Apatites  show  the  phenomenon  at 
212**  F.     Some  minerals  lose  the  property  if  heated. 

3.  By  light.  Some  Diamonds  if  exposed  to  sunlight  or  even 
daylight,  will  give  a  blue  color  in  the  dark,  and  certain  Aragonites, 
Apatite,  and  Calcite  act  similarly. 

4.  By  electricity.  Some  substances  not  naturally  phosphores- 
cent have  been  made  so  by  passing  electricity  through  them. 
Among  such  are  certain  Fluorites,  Diamonds,  Calcite,  and  Apatite. 

As  has  probably  been  observed,  this  phenomenon  is  not  a  con- 
stant one  and  seems  to  be  more  or  less  accidental.  Many  organic 
compounds  possess  the  property  in  a  marked  degree,  such  as  cer- 
tain salts  of  quinine. 

N,    Fluorescence, 

This  is  a  property  possessed  by  some  minerals  of  changing  the 
wave-length  of  incident  light  rays.  We  find  that  some  substances 
change  their  color  accordingly  as  they  are  viewed  in  reflected  or 
transmitted  light,  the  latter  being  the  true  color.  Among  minerals, 
the  phenomenon  is  best  observed  on  Fluorite,  some  specimens  of 
which  are  green  or  almost  colorless  by  transmitted,  but  blue  or 
violet  by  reflected  light.  If  we  examine  the  surface  carefully  we 
notice  that  the  blue  color  does  not  extend  far  into  the  mineral* 
which  proves  that  the  wave-lengths  of  the  reflected  rays  have  been 
altered.  The  phenomenon  is  thought  to  be  caused  by  the  coloring 
matter  of  the  Fluorite,  which  is  most  probably  a  hydrocarbon  com- 
pound. Many  organic  substances  possess  this  property.  Some 
Ambers  fluoresce  blue,  while  petroleum  is  reddish  or  yellow  and 
fluoresces  green  at  times.  Fluorescine,  C20H13O5,  is  an  orange-red 
powder,  which  in  a  concentrated  solution  made  alkaline  by  NaOH 
is  orange-red  by  transmitted  but  intense  green  by  reflected  light. 
If  the  solution  is  much  diluted,  it  shows  yellow  by  transmitted  and 
greenish  yellow  by  reflected  Ught.    Saffranine,  CigH3(CHj)2N4Cl,  in 
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alcohol  diluted,  is  crimson  by  transmitted  and  brownish  red  by 
reflected  light.  Eosine,  CjoHyBr^Oj,  is  a  red  dye,  and  gives  shades 
of  red  and  yellow.  A^sculine,  CjsHijOq,  which  is  found  in  horse- 
chestnut  bark,  is  yellow  and  fluoresces  blue. 

0.     Luster. 

The  luster  of  a  mineral  is  its  surface  appearance  as  affected  by 
the  quality  and  quantity  of  light  reflected.  A  variation  in  the 
nature  of  the  reflecting  surface  or  quality  of  light  produces  the 
kinds  of  luster,  while  a  variation  in  quantity  of  li^t  reflected 
produces  the  degrees  of  intensity  of  luster.  Similar  crjrstal  faces 
show  the  same  peculiarities  of  luster,  which  therefore  forms  a 
valuable  means  of  determination  of  minerals. 

A.  Kinds  of  Luster. — ^These  seem  to  be  caused  by  the  refraction 
and  polarization  of  light  rays  in  the  minerals  concerned  so  that 
substances  which  have  weak  refractive  indices  show  vitreous  luster, 
those  of  stronger  refractive  power  have  adamantine,  while -those 
with  very  strong  indices  possess  metallic  luster. 

1.  Metallic:  this  is  the  intense  luster  peculiar  to  the  metals  and 
some  metallic  minerals,  and  is  always  accompanied  by  opaqueness, 
as  in  Galena,  Pyrite,  Magnetite.  An  imperfect  metallic  luster  is 
known  as  submetallic,  as  in  some  Cuprite,  Covellite,  Limonite, 
Manganite. 

2.  Adamantine :  the  intense  luster  of  the  Diamond,  also  possessed 
by  varieties  of  Sphalerite,  Cerussite,  and  Cuprite  crystals.  When 
less  pellucid  it  approaches  the  metallic  and  is  called  metallic- 
adamantine,  as  in  Pyrargyrite,  Rutile,  and  some  Cinnabar. 

3.  Vitreous:  the  luster  of  broken  glass.  More  imperfect  is 
called  subvitreous,  and  to  these  two  divisions  belong  by  far  the 
greatest  portion  of  all  minerals — Quartz,  Calcite,  Barite,  Celestite. 

4.  Greasy:  this  is  the  luster  which  causes  an  appearance  similar 
to  substances  smeared  with  fatty  oils.  It  is  a  weak  luster  which 
is  found  on  imperfectly  transparent  substances,  and  is  generally 
associated  with  a  slightly  conchoidal  fracture  as  in  Sulphur,  Elseo- 
lite,  and  some  Diamond  crystals. 

5.  Resinous:  luster  of  the  yellow  resins  shown  by  most  Sphal- 
erite, Vesuvianite,  and  some  Opal. 


316  GENERAL  AND  SPECIAL  MINERALOGY 

6.  Pearly:  this  is  the  pecuUar  luster  of  mother-of-pearl,  and  is 
not  the  result  of  reflection  from  the  surface,  but  is  the  result  of 
reflection  from  different  lamellae  lying  over  each  other  in  trans- 
parent substances  accompanied  by  interference.  A  perfect  cleav- 
age produces  the  same  result  as  a  series  of  lamellae,  so  that  pearly 
luster  indicates  also  perfect  cleavage,  as  was  explained  under 
Iridescence.  It  is  seen  on  Gypsum,  Talc,  Stilbite,  Heulandite.  If 
pearly  luster  occurs  on  colored  minerals  it  approaches  to  the 
metallic,  and  is  called  metaUic-pearly,  as  in  Hy^rsthene  and  some 
Biotite. 

7.  Silky:  this,  like  pearly,  is  due  to  structure,  and  is  found  on 
fibrous  substances,  such  as  the  variety  of  Gypsum  called  Satin 
Spar,  Chrysotile,  and  Crocidolite. 

B,  Degrees  of  Intensity  of  Luster  — ^The  intensity  depends  upon 
many  things,  among  which  are  the  smoothness  or  roughness,  the 
compactness  or  porosity  of  the  plane,  the  size  of  grain,  and  other 
things,  all  of  which  are  more  or  less  accidental  and  therefore  cause 
the  degrees  of  intensity  of  luster  to  be  factors  of  much  less  impor- 
tance in  the  determination  of  minerals  than  the  kinds  of  luster. 

1.  Splendent:  when  the  surfaces  reflect  with  brilliancy,  giving 
sharp,  well-defined  images,  as  in  Hematite,  Cassiterite,  Rutile,  and 
some  Quartz  and  Calcite  crystals. 

2.  Shining:  producing  an  image,  but  not  with  well-defined 
outlines.  This  is  of  very  common  occurrence,  as  in  some  Celestite, 
Barite,  and  Cerussite. 

3.  Glistening:  affording  a  general  reflection  from  the  surface, 
but  no  image.  This  is  also  very  frequent,  as  in  Talc  and  Chalco- 
P3rrite. 

4.  GUmmering:  the  general  reflection  has  disappeared,  and  the 
light  is  reflected  from  points  here  and  there  over  the  surface.  This 
appearance  is  seen  in  most  microcrystalline  aggregates,  such  as 
Alabaster,  Galena^  Marbles,  and  in  Chalcedony  and  Flint. 

5.  Dull:  when  there  is  a  total  absence  of  luster,  as  in  Chalk 
and  KaoUn. 

IV.    Heat. 

According  to  the  works  of  Melloni  and  Knoblauch,'^heat  rays 
behave  the  same  as  light  rays.    They  undergo  reflection,  single 
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and  double  reflection,  polarization,  and  absorption.  This  action 
is  explained  by  the  asumption  that  heat  rays  are  also  caused  by 
ether  vibrations  which  take  place  at  right  angles  to  the  direction 
of  propagation,  but  which  are  not  appreciated  by  the  eye.  The 
transmission  of  radiant  heat  rays  as  well  as  conductivity,  absorp- 
tion, and  expansion  of  heat  in  crystals  depends  upon  the  symmetry' 
of  their  molecular  structure. 

A,    Diathermaneity. 

Substances  which  transmit  radiant  heat  are  said  to  be  diather^ 
manom-  Halite  transmits  99%  of  radiant  heat  rays;  Sylvite, 
Cerargyrite,  and  Calcite  transmit  less,  while  Gypsum  is  still  less 
permeable.  Substances  which  do  not  transmit  radiant  heat  are 
said  to  be  alhermanouSj  and  to  this  class  belong  all  metals,  water, 
alum,  and  copper  sulphate.  Their  action  may  be  measured  by 
means  of  a  thermopile  and  galvanometer.  The  phenomenon  of  the 
transmission  of  radiant  heat,  or  diathermaneity,  is  analogous  to 
diaphaneity  or  the  phenomenon  of  light  transmission,  but  the  two 
are  independent  of  each  other,  as  may  be  seen  from  the  fact  thAt 
a  piece  of  dark  Mica  is  diathermanous,  while  water  is  athermaaous. 

B.    Conductivity. 

Some  minerals  are  better  conductors  of  heat  than  others. 
Wiedemann  and  Franz  observed  the  conductivity  on  bars  of  differ- 
ent substances  by  means  of  a  thermopile.  Silver  was  found  to 
have  the  greatest  conductive  power,  and  the  numerical  quantity 
representing  this  was  assumed  to  be  100,  in  comparison  of  which 
other  metals  gave  the  following  results: 

Silver 100.0 

Copper 73.6 

Gold 53.2 

Tm 14.5 

Iron 11.9 

Lead 8.5 

Platinum 8.4 

Bismuth 1.8 
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Marbles  and  all  stone-like  minerals  gave  values  still  lower  than 
Bismuth.  Conductivity  often  differs  noticeably  with  direction, 
as  was  first  shown  by  a  Frenchman  named  Renarmont,  who  covered 
plates  of  different  minerals  with  wax  or  paraffine,  and  then  pressed 
a  warm  blunt  instrument,  such  as  a  wire,  upon  the  wax.  After 
cooling  the  wire  is  removed,  and  a  circular  or  ellipsoidal  wall  will 
remain  representing  the  lines  of  equal  heat  or  isotherms,  while  the 
diameters  of  the  curves  will  give  the  proportional  conductivity  in 
different  directions.  Rontgen  has  modified  the  experiment  in  that 
he  breathes  upon  the  plate  of  the  mineral,  afterward  pressing  a 
warm  metal  point  upon  it  until  after  the  moisture  disappears  from 
around  the  point,  after  which  lycopodium  pow^der  is  strewn  over 
the  plate,  and  the  surplus  which  does  not  adhere  is  carefully 
knocked  off.  By  this  method  the  isothermal  lines  will  be  more 
sharply  bounded  than  by  that  of  Senarmont.  In  all  isometric 
crystals  the  thermal  wave-surface  must  always  be  a  sphere,  there- 
fore all  sections  and  surfaces  of  such  minerals  will  give  circular 
waves  on  the  wax  or  powder.  In  tetragonal  or  hexagonal  minerals 
the  thermal  wave-surface  is  a  spheroid  or  ellipsoid  of  revolution, 
and  the  basal  pinacoid  will  always  have  a  circular  isotherm,  while 
all  other  faces  must  give  ellipses.  In  orthorhombic,  monoclinic, 
and  triclinic  minerals  the  wave-surface  of  heat  is  an  ellipsoid  with 
three  unequal  axes,  and  these  minerals  nuist  give  elliptical  iso- 
therms except  in  sections  perpendicular  to  w^hat  correspond  to 
optical  axes  for  heat  rays.  All  amorphous  substances  behave  like 
isometric  minerals.  Senarmont  showed  that  by  pressing  glass  and 
porcelain,  the  conductivity  in  the  direction  of  pressure  would  be 
increased,  and  that  during  the  pressure  an  elliptical  isotherm  would 
be  formed.  Theoretically  all  mineraLs  must  show  the  phenomenon 
in  the  manner  indicated,  but  in  most  cases  the  difference  is  not  great 
enough  to  be  perceptible  to  the  eye.  If  the  experiment  is  carefully 
conducted  the  clinopinacoid  of  Gypsum  will  give  a  distinctly  ellip- 
tical isotherm. 

C.  Action  of  Heat  on  Crystals  in  Respect  to  Expansion  or  Contraction 

The  expansion  experienced  by  crystals  on  heating  is  naturally 
much  less  than  that  of  liquids.    Whereas  water  on  being  heated 
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from  0*^-100®  C.  expands  -^  of  its  volume,  and  mercury,  ^, 
we  find  that  Halite  expands  ^hr  ^^^  Diamond  -^-^  of  their 
volumes.  Some  substances  contract  on  heating,  however,  only 
between  certain  temperature  limits,  as  water  below  4®  C.  and 
Diamond  below  —24°  C.  Amorphous  and  isometric  substances 
must  expand  or  contract  equally  in  all  directions,  and  a  sphere  cut 
from  such  minerals  will  always  remain  one.  To  compare  the  vari- 
ous substances  in  respect  to  their  behavior  on  heating,  it  is  neces- 
sary to  have  some  standard  means  of  comparison.  We  therefore 
cut  bars  of  definite  length  and  thickness  from  various  minerals 
and  let  I  be  the  length  of  the  bar  at  O''  C.  and  V  the  length  at  100*"  C. 

V—l 
Then  — j— =  a,  which  is  a  constant  unit  of  length  known  as  the 

linear  coefflcient  of  exjxmsion.  When  we  heat  tetragonal  or  hexa- 
gonal minerals,  provided  we  experiment  with  spheres  cut  from 
them,  we  find  that  a  prolate  or  oblate  spheroid  will  be  formed, 
accordingly  as  the  mineral  expands  or  contracts  in  the  various 
directions.    For  example,  in  Quartz  the  expansion  is  as  follows: 

parallel  to  c  gives  a  =  0.00078 

perpendicular  to  c  gives  a  =  0.001419 
We  see  that  the  expansion  is  greater  in  the  direction  of  the  lateral 
axes,  which  must  be  equal,  so  that  a  sphere  of  Quartz  if  heated 
would  become  an  oblate  spheroid.     On  the  other  hand,  Calcite 
gives  the  following  results: 

parallel  to  c,  a  =  0.002621 

perpendicular  to  c,  a=  —0.005400 
We  have  therefore  an  expansion  in  the  direction  of  the  vertical  axis^ 
but  a  contraction  along  the  lateral  axes,  so  that  a  sphere  would 
become  a  prolate  spheroid.  The  results  on  these  two  minerals 
conform  to  their  optical  characters,  in  which  case  Quartz  was 
found  to  be  positive  while  Calcite  was  negative.  At  0°  C.  the 
polar  edges  of  a  Calcite  rhombohedron  have  an  interfacial  angle 
of  105°  5',  while  at  100°  C.  they  measure  104°  57'  23'',  which  is  a 
decrease  of  8'  37",  so  that  the  form  becomes  more  acute,  resem- 
bling a  cube.  Dolomite  changes  4'  46",  while  in  Siderite  the 
change  is  2^  in  the  same  direction.  We  find  that  in  all  these 
minerals  the   double   refraction   is   diminished  with   increase   of 
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temperature,  whether  negative  as  in  the  case  of  Calcite,  or  posi- 
tive as  in  Quartz.  In  all  cases,  however,  the  crystal  system  remains 
unchanged.  The  relations  of  all  angles  between  base  and  prisms 
will  remain  unaltered,  and  only  faces  lying  obliquely  over  the  axes, 
such  as  pyramids,  will  undergo  a  change  in  their  angles.  All  zonal 
relations  will  also  be  unvaried.  In  respect  to  orthorhombic,  mono- 
clinic,  and  triclinic  crystals,  a  sphere  if  heated  would  resolve  itself 
into  an  ellipsoid  with  three  unequal  axes.  In  the  orthorhombic 
system  pinacoidal  faces  will  remain  parallel,  but  prisms,  domes, 
and  pyramids  will  change  their  relations  in  various  ways,  and  the 
change  will  increase  in  the  order  given,  the  prisms  experiencing 
the  least.  For  example,  in  Aragonite,  the  angle  of  the  prism, 
ooPaooP,  diminishes  2'  46",  while  the  angle  of  the  brachydome, 
Pbo  A  P cfc ,  increases  5'  30",  a  much  greater  change.  Aragonite  has 
three  coefficients  of  expansion,  as  do  all  biaxial  minerals,  just  as 
uniaxial  have  two,  and  isotropic  substances  one.  Those  of  Ara- 
gonite are 

a  =  0.001016 

/?=0.001713 

7-= 0.003460 
In  the  monoclinic  system  tlie  angles  a  and  y  between  the  axes  will 
always  remain  90°,  so  that  the  relation  of  the  base  to  the  clino- 
pinacoid,  controlled  by  the  angle  ct,  and  the  relation  of  the  clino- 
pinacoid  to  the  orthopinacoid,  which  is  governed  by  the  angle  y,  will 
remain  unchanged  in  respect  to  each  other.  All  other  relations 
may  vary  in  any  manner,  since  they  are  not  controlled  by  the 
molecular  symmetry,  just  as  in  the  case  of  triclinic  minerals  where 
there  is  no  symmetry. 

D.  Effect  of  Heat  on  Refractive  Index  and  Double  Refraction  of 

Crystals. 
We  find  that  heat  causes  a  change  in  the  index  of  refraction 
because  of  an  alteration  of  the  angle  of  minimum  deviation,  d, 
which  is  one  of  the  factors  of  the  formula, 
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The  double  refraction  of  a  mineral  is  also  changed  by  the  heat. 
For  example,  in  a  negative  uniaxial  mineral  we  have  the  vertical 
axis  and  the  axis  of  greatest  ether  elasticity  coinciding  (c=o), 
while  the  lateral  axes  are  directions  of  lesser  elasticity  (a=c).  It 
is  possible  for  heat  to  cause  a  to  grow  smaller,  while  c  may  increase. 
As  the  values  of  a  and  c  approach  each  other,  the  double  refraction 
becomes  less,  until  finally  the  mineral  may  become  singly  refracting. 
However,  it  becomes  isotropic  only  for  certain  wave-lengths,  such 
as  red  or  violet.  Likewise  we  can  think  of  biaxial  minerals  be- 
coming uniaxial  for  certain  kinds  of  light.  In  such  minerals  there 
are  axes  of  greatest,  medium,  and  least  elasticity  (a,  b,  c),  and  if 
heat  changes  one,  or  causes  two  to  equal  each  other,  then  the  min- 
eral becomes  uniaxial.  Gypsum,  which  is  monoclinic,  shows  this 
change  at  comparatively  low  temperatures.  The  angle  between 
the  two  optical  axes  is  61°  24',  and  the  plane  in  which  these  axes 
lie  is  the  clinopinacoid  or  plane  of  symmetry,  so  that  in  convergent 
polarized  light  we  obtain,  at  right  angles  to  the  acute  bisectrix, 
the  usual  biaxial  interference  figure  with  the  two  axes  lying  parallel 
to  the  clinopinacoid.  On  application  of  heat,  the  angle  of  the 
optical  axes  becomes  rapidly  smaller,  with  a  consequent  decrease 
in  double  refraction  (7-— a),  until  it  becomes  uniaxial  for  red.  If 
still  more  heat  is  applied,  the  mineral  becomes  again  biaxial,  but 
the  plane  of  the  optical  axes  lies  in  the  orthopinacoid  at  right  angles 
to  its  normal  position.  When  allowed  to  cool  the  Gypsum  reverts 
through  the  various  stages  to  its  original  state. 

E,    Fusibility  and  Melting-point  of  Minerals.  " 

Elements  and  minerals  on  application  of  heat  become  fusible 
at  different  temperatures,  as  follows: 

Wrought  Iron.  ...  1600^0.  Lead 334°C. 

Gold 1200°  C.  Bismuth 270°  C. 

Copper 1090°  C.  Sulphur 115°  C. 

Silver ♦. . . .  1000° C.  Ice 0°C. 

Antimony 425°  C.  Mercury -39°  C. 

The  melting-point  of  minerals  is  determined  either  in  a  candle 
or  Bunsen  flame,  with  or  without  a  blowpipe.  Fine  splinters  are 
supported  by  platinum-pointed  forceps  in  the  flame,  unless  the 
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minerals  have  a  metallic  habit,  in  which  case  it  is  better  to  use  a 
support  of  charcoal.  Von  Kobell  used  the  following  scale  of  fusi- 
bility: 

1.  Stibnite,  SbjSg;  melts  easily  in  the  candle  flame. 

2.  Natrolite,  Na2Al3Si30io  +  2H20;  before  the  blo^'pipe  melts 
easily  into  a  globule. 

3.  Almandite,  Fe3Al2(Si04)j;  before  the  blowpipe  melts  with 
greater  difficulty  to  a  globule. 

4.  Actinolite,  Ca(Mg,Fe)s( 8103)4;  before  the  blowpipe  a  fine 
splinter  becomes  rounded. 

5.  Orthoclase,  KAlSijO^;  with  the  blowpipe  fine  splinters  on 
the  edges  fuse  with  more  difficulty. 

6.  Bronzite,  (Mg,Fe)Si03;  before  blowpipe  in  very  fine  splinters 
barely  shows  traces  of  fusion. 

7.  Quartz,  SiOj;  wth  blowpipe  is  completely  infusible. 

V.    Electricity  and  Magnetism. 

The  electrical  phenomena  shown  by  minerals  are  quite  numer- 
ous, and  are  classed  under  several  different  heads. 

A.    Fridional  Electricity. 

All  minerals  become  electrified  when  rubbed,  and  develop  either 
positive  or  negative  kinds.  The  degree  in  which  this  power  is 
shown  depends  upon  their  conductivity,  non-conductors  possess- 
ing the  power  in  a  higher  degree.  Quartz,  Diamond,  and  glass 
become  positively  electrified,  while  Sulphur  and  Amber  become 
negative  under  certain  conditions  by  friction.  Some  substances 
develop  one  or  the  other  according  to  the  conditions  under  which 
they  are  handled.  Cleaving  and  breaking  also  tend  to  excite 
electricity,  since  if  sheets  of  Mica  or  G3T>sum  are  torn  apart  one 
cleavage  face  shows  positive  while  the  opposite  face  develops  nega- 
tive electricity.  In  favorable  weather  a  single  stroke  of  the  finger 
across  a  piece  of  Mica  will  cause  it  to  become  electrified. 

B.    Pyrodectridty, 

This  is  the  state  of  electric  potential  (positive  and  negative) 
developed  in  crystallographically  dissimilar  parts  of  a  non-con- 
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ducting  mineral  by  change  of  temperature,  either  heating  or  cool- 
ing. Many  holohedral  forms  show  it,  and  all  hemihedral,  tetarto- 
hedral,  and  hemimorphic  forms  possess  the  property.  The  dis- 
tribution of  electricity  follows  the  law  that  like  faces  and  directions 
show  similar  kinds  of  electricity,  while  dissimilar  planes  and  direc- 
tions develop  different  kinds.  The  phenomenon  was  first  studied 
on  Tourmaline  and  Calamine,  which  are  hemimorphic.  The  ex- 
tremity which  on  heating  develops  positive  electricity  is  called  the 
analogue  poky  while  that  which  produces  negative  electricity  is 
known  as  the  antilogue  pole.  On  cooling,  the  reverse  effect  takes 
place.  The  kind  of  electricity  developed  may  be  shown  by  blowing 
a  powdered  mixture  of  Minium,  PbjO^,  and  Sulphur  from  a  bellows 
in  such  a  manner  that  the  former  becomes  positively  while  the 
latter  is  negatively  electrified  by  friction,  upon  heated  crystals 
which,  if  not  non-conductors,  must  be  supported  upon  glass  or  resin. 
The  sulphur  will  accumulate  on  the  analogue  and  the  miniiun  on 
the  antilogue  pole.  Thus  in  Tourmaline  we  find  the  sulphur  on  the 
end  which  is  generally  more  bluntly  terminated,  while  in  Boracite, 
MgyCljBieOso,  it  gathers  on  the  small  triangular  face  of  the  tetra- 
hedron. If  Quartz  is  untwinncd  the  sulphur  accumulates  on  the 
faces  of  the  tetartohedral  forms  and  the  prismatic  edge  beneath 
them,  while  the  minium  collects  on  the  edges  which  do  not  bear 
those  faces.  Most  Quartz,  however,  is  twinned,  and  the  two  colors 
will  be  irregularly  mixed,  due  to  complete  interpenetration  of  the 
individuals,  so  that  by  means  of  pyroelectricity  we  may  recognize 
twin  crystals.  In  some  cases  polarized  light  is  the  only  other 
means  of  recognition.  Vesuvianite  and  Beryl  give  positive  elec- 
tricity on  the  base  and  negative  on  prismatic  faces,  while  Aragonite 
produces  positive  on  the  prism  and  negative  on  the  brachypinacoid. 
Gypsum  develops  negative  electricity  on  the  clinopinacoid  and 
positive  on  all  other  faces,  but  prisms  and  pyramids  give  difiFerent 
degrees  of  positive  electricity. 

C    PiezoelectricUy. 

This  is  electricity  produced  by  pressure  and  may  be  produced 
on  Aragonite,  Fluorite,  Quartz,  Topaz,  and  some  Calcite.  Tour- 
maline will  develop  different  kinds  on  the  analogue  and  antilogue 
poles. 


332  GENERAL  AND  SPECIAL  MINERALOGY 

I  D.     TherTnoeledricUy. 

This  is  the  electromotive  force  established  in  some  metallic 
minerals  when  they  form  an  electric  circuit  with  another  conductor, 
and  one*point  of  junction  is  changed  in  temperature.  If  Antimony 
and  Bismuth  are  heated  in  contact,  a  current  is  produced  which 
passes  from  the  bismuth  to  the  antimony,  the  former  being  nega- 
tive and  the  latter  positive.  The  conductivity  of  minerals  may  be 
tested  by  means  of  galvanism  where  the  freshly  broken  mineral  is 
placed  between  the  ends  of  a  strip  of  zinc  bent  in  horse-shoe  form, 
and  inmiersed  in  blue  vitriol.  Good  conductors  like  Pyrite,  Galena, 
and  Magnetite  will  be  covered  by  a  layer  of  copper.  Most  metallic 
sulphides  stand  farther  apart  in  the  series  than  antimony  and  bis- 
muth, consequently  a  stronger  electrical  stream  will  be  produced 
by  them.  Thermoelectricity,  possibly  accompanied  by  galvanism, 
may  perhaps  be  an  active  agent  in  the  formation  of  ore  deposits, 
since  we  often  find  conducting  minerals  such  as  Chalcopyrite,  Galena, 
and  Pyrite  in  contact  in  ore  veins.  Percolating  waters  charged 
with  acids,  alkalies,  and  mineral  matter  may  come  in  contact  with 
these  conductors  and  cause  thermoelectric  or  galvanic  ciurents 
which  may  decompose  the  solution,  and  occasion  important  chem- 
ical changes  which  may  result  in  the  precipitation  and  deposition 
of  ore  bodies.  An  attempt  has  been  made  to  explain  the  large 
deposits  of  native  Copper  on  the  Keweenaw  Point  in  Michigan  by 
such  means,  and  it  is  possible  that  such  theories  may  be  found 
applicable  to  other  mining  districts  when  the  phenomenon  has 
been  more  thoroughly  investigated  and  is  better  understood. 

E.    Magnetism, 

Magnetic  properties  of  minerals  like  optical,  thermal,  and  elec- 
trical are  related  to  the  symmetry  of  the  crystal.  Experiments 
have  shown  that  in  amorphous  and  isometric  minerals  the  mag- 
netism is  alike  in  all  directions.  In  uniaxial  substances  there  is  a 
direction  of  maximum  magnetism,  at  right  angles  to  which  there 
will  be  found  a  minimum.  In  biaicial  minerals  there  are  three 
unequal  axes  of  magnetic  distribution.  A  few  substances  have 
the  power  of  exerting  a  noticeable  influence  upon  the  magnetic 
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needle,  and  are  said  to  be  magnetic,  such  as  Magnetite,  Pyrrhotite' 
Iron,  Cobalt,  Nickel,  Franklinite,  and  some  Platinimi  which  con- 
tains 4-12%  of  iron.  Magnetism  is  valuable  as  a  means  of  sepa- 
rating minerals.  The  horseshoe  magnet  has  long  been  used  to 
separate  iron  in  meteorites,  and  Magnetite  or  Pyrrhotite  from 
rocks,  but  Fouqu6  first  used  an  electromagnet  to  separate  minerals 
having  small  percentages  of  iron,  but  still  magnetic  like  Amphi- 
boles,  P)a'Oxenes,  Biotite,  and  Olivine,  from  those  rock-forming 
minerals  containing  no  iron,  such  as  Feldspars,  Quartz,  and  Mus- 
covite. When  magnetic  minerals  in  one  part  repel  and  in  another 
part  attract  the  poles  of  a  magnet,  they  are  said  to  possess  polarity, 
as  in  the  case  of  the  variety  of  Magnetite  known  as  Lodestone.  It 
must  be  understood  that  while  many  substances  are  magnetic, 
but  few  possess  polarity,  that  is,  are  native  magnets.  Faraday 
has  shown  that  all  bodies  are  more  or  less  magnetic  and  are  divided 
into  two  classes.  They  are  all  paramagnetic  if  attracted,  and  dia^ 
magnetic  if  repelled  by  the  poles  of  a  magnet.  The  substance  is 
tested  by  being  suspended  in  the  form  of  a  rod  on  a  moveable  hori- 
zontal axis  between  the  poles  of  a  magnet.  If  paramagnetic  it 
will  assume  an  axial  position  parallel  to  the  poles,  but  if  diamag- 
netic  it  will  take  an  equatorial  position  transverse  to  the  poles  of 
the  magnet.  Siderite,  Tourmaline,  and  Vesuvianite  are  paramag- 
netic; however,  in  the  first  mineral  the  vertical  axis  arranges  itself 
axially  while  in  the  others  that  axis  assiunes  an  equatorial  position. 
Bismuth  and  Calcite  are  diamagnetic,  the  vertical  axis  of  the  former 
being  axially  and  that  of  the  latter  equatorially  orientated. 

VI.    Taste,  Odor,  and  Feel. 

A  few  minerals  act  upon  the  senses,  producing  the  above-men- 
tioned phenomena. 

Taste. 

Taste  belongs  only  to  soluble  minerals  and  is  classified  as  follows : 

1.  Astringent:  this  is  the  puckery  taste  of  vitriol  noticed  on 
the  decomposing  sulphides,  like  Pyrite  and  Marcasite. 

2.  Sweetish  astringent:  the  taste  of  alum. 

3.  Saline:  the  taste  of  conamon  salt. 
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4.  Alkaline :  the  taste  of  soda.* 

5.  Cooling:  the  taste  of  saltpeter. 

6.  Bitter:  the  taste  of  epsom  salts. 

7.  Sour:  the  taste  of  sulphuric  acid. 

Odor. 

Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the 
dry  state  and  unchanged  do  not  give  off  odor;  but  by  friction, 
moistening  with  the  breath,  or  by  driving  off  volatile  constituents 
by  means  of  heat  or  acids,  odors  are  sometimes  produced  which 
are  designated  as  follows: 

1.  Alliaceous:  the  odor  of  gariic.  Arsenopyrite  when  struck 
or  rubbed  gives  this  odor,  as  do  most  arsenical  compounds  by  heat- 
ing. 

2.  Horseradish :  the  odor  of  decaying  horseradish,  given  when 
Selenium  ores  are  heated. 

3.  Sulphurous :  friction  causes  Pyrite  to  give  this  odor,  which 
is  that  of  sulphur  dioxide.     Most  sulphides  give  it  on  being  heated. 

4.  Bituminous :  the  odor  of  asphalt  or  bitumen. 

5.  Fetid:  the  odor  of  rotten  eggs  or  hydrogen  sulphide  which  is 
given  off  by  some  Limestone,  Quartz,  Halite,  and  Barite  when 
rubbed  or  struck. 

6.  Argillaceous:  the  odor  of  moistened  clay,  which  is  obtained 
from  Serpentine  and  allied  minerals  after  breathing  upon  them. 
Other  substances  afford  it  after  heating. 

Fed. 

The  feel  of  a  mineral  is  a  characteristic  which  is  occasionally  of 
some  importance.     It  is  said  to  be : 

1.  Smooth,  as  in  Sepiolite  or  Meerschaum. 

2.  Greasy,  as  Talc  and  Serpentine. 

3.  Meager  or  Harsh,  which  is  dry  and  rough  to  the  touch,  as 
Chalk  and  Kaolin. 

Some  minerals,  in  consequence  of  Ihcir  hygroscopic  character, 
adhere  to  the  tongue  when  brought  in  contact  with  it,  as  in  the  case 
of  Kaolin  and  many  impure  kaolin-like  substances, 
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PART  Ii:    SPECIAL  MINERALOGY. 

This  subject  embraces  both  Descriptive  and  Determinative 
Mineralogy,  but  the  latter  is  a  subject  more  properly  considered 
in  a  special  course  rather  than  in  a  general  one  such  as  the  present, 
so  that  the  former  will  be  the  only  subject  treated  under  Special 
Mineralogy. 

DESCRIPTIVE    MINERALOGY. 

This  subject  treats  of  the  different  species  of  minerals,  describ- 
ing and  classifying  them  by  means  of  their  crystallographic,  chem- 
ical, and  physical  properties.  A  mineral  was  defined  to  be  a  solid 
or  liquid  homogeneous  inorganic  body  which  is  a  direct  product 
of  Nature.  The  word  mineral,  however,  in  Descriptive  Mineralogy 
is  limited  to  those  actually  occurring  in  the  crust  of  the  earth. 
Since  minerals  occur  in  the  earth  it  is  proper  to  discuss  very  briefly 
the  geology  of  the  earth,  and  a  few  theories  in  regard  to  it.  In  the 
earth  as  a  whole,  we  recognize  three  divisions;  the  atmosphere, 
hydrosphere,  and  lithosphere,  which  is  the  solid  crust  of  the  earth 
and  but  slightly  open  to  observation.  We  must  therefore  draw 
our  conclusions  about  the  earth  *s  interior  from  such  phenomena 
as  volcanic  eruptions,  geysers  and  thermal  springs,  tunnels,  and 
deep  borings,  which  all  indicate  that  the  earth  has  a  heated  interior. 
At  Sperenberg,  about  25  miles  south  of  Berlin,  people  prospected 
for  salt  by  boring,  and  tried  to  ascertain  the  thickness  of  the  deposit. 
The  depth  of  the  hole  was  1268  meters,  or  about  4200  feet,  at  the 
bottom  of  which  the  temperature  was  found  to  be  48®  C,  or  118**  F. 
Another  hole  was  bored  at  Schladebach,  which  is  southeast  of 
Halle  and  west  of  Leipzig,  which  was  1716  meters,  or  5700  feet 
deep,  giving  a  temperature  of  57°  C,  or  134°  F.  The  temperature 
has  also  been  determined  in  great  tunnels  such  as  the  St.  Gotthard 
and  Mt.  Cenis  at  the  deepest  point  below  the  surface,  with  similar 
results  to  the  previous.  The  results  show  that  as  we  go  downward, 
after  we  pass  the  line  of  mean  annual  temperature  or  level  at  which 
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there  is  no  variation  for  seasons,  the  temperature  increases  about 
1°  C.  for  every  100  feet  of  descent,  or  1^  F.  for  every  42  feet.  With 
this  increment,  at  a  depth  of  10,000  feet  we  would  have  the  tem- 
perature of  boiling  water  under  surface  conditions^  and  at  20  miles 
the  temperature  would  be  1000°  C,  or  1832°  F.,  while  at  a  depth  of 
30  miles,  a  temperature  of  2700°  F.  would  prevail,  which  would 
be  sufficient  to  fuse  the  most  refractory  rocks  to  a  pasty,  viscous 
mass.  However,  owing  to  the  enormous  pressures,- surface  con- 
ditions do  not  obtain,  and  it  would  take  a  much  greater  depth  to 
fuse  the  acid  rocks,  though  there  is  but  little  question  that  if  we 
go  deep  enough  it  would  be  possible  even  under  the  pressures  pre- 
vailing there.  The  specific  gravity  of  the  earth  is  5-6,  while  that 
of  the  heaviest  rock  masses  occurring  in  the  crust  is  only  3.5,  on 
which  account  some  people  think  that  the  center  of  the  earth  is  a 
mass  of  imoxidized  metals,  chiefly  iron,  which  would  bring  the 
density  of  the  whole  earth  up  to  the  amoimt  foimd  by  experiment. 
In  West  Greenland  there  are  immense  masses  of  native  iron  found 
in  basaltic  lavas,  which  are  regarded  by  some  as  a  confirmation 
of  the  theory.  There  are  three  general  theories  as  t-o  the  consti- 
tution of  the  interior  of  the  earth. 

1.  The  earth  is  a  fluid  mass  surrounded  by  a  comparatively 
thin  crust.  The  chief  objection  to  this  Ls  an  astronomical  one, 
namely,  that  the  earth  behaves  practically  like  a  solid  mass. 

2.  The  earth  is  a  solid  body  with  molten  reservoirs  here  and 
there.  The  increase  of  temperature  with  descent  would  indicate 
that  somewhere  the  material  must  become  viscous  or  even  per- 
fectly liquid,  which  is  the  condition  required  by  the  third  theory. 

3.  There  is  a  solid  crust,  under  which  is  a  molten  layer,  which 
is  followed  by  a  center  that  is  solid,  due  to  pressure.  If  the  pres- 
sure is  relieved  in  any  manner,  the  solid  will  fly  into  the  liquid 
state.  According  to  this  theory,  the  earth  will  behave  practically 
like  a  solid,  as  the  astronomers  require,  but  in  consequence  of  its 
partially  fluid  condition  and  rotation  its  shape  will  be  a  geoid  or 
oblate  spheroid.  This  theoiy  is  the  one  most  commonly  accepted, 
although  the  second  still  has  some  adherents.  As  before  stated, 
we  find  minerals  in  the  crust,  which  is  made  up  of  rocks.  A  rock 
is  a  mineral  or  aggregate  of  minerals  which  forms  an  essential  part 
of  the  ejirth's  crust,    There  ftre  three  classes  of  rocks — igneous, 
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sedimentary,  and  metamorphic.  If  the  Nebular  Hypothesis,  or 
Kant-Laplace  Theory,  is  true,  namely,  that  the  earth  origmally 
solidified  from  a  mass  of  incandescent  gas,  then  the  first  class  must 
have  been  the  one  which  was  first  formed. 

1.  Igneous  rocks  are  those  which  have  been  in  a  molten  condi- 
tion and  have  been  forced  into  the  upper  crust  or  upon  the  surface 
from  the  fluid  interior.  The  igneous  rocks  are  massive  in  texture, 
and  glassy  or  crystalline.  Some  igneous  rocks  are  forced  into  the 
crust  deep  down  below  the  surface,  and  are  never  found  at  the 
surface  except  when  their  covering  has  been  worn  away  by  weather- 
ing and  erosion.  Such  rocks  will  Cool  very  slowly  and  therefore 
be  coarsely  crystalline,  and  are  called  pliUonic  rocks.  Another 
class  flows  into  the  outer  crust  or  upon  the  surface  as  lavas.  They 
are  called  volcanic  rocks  and  may  be  either  glassy  or  finely  crys- 
talline, because  they  cool  more  rapidly  than  the  deep-seated  plu- 
tonic  rocks.  The  volcanic  rocks  are  typically  porphyritic,  which 
means  well-defined  crystals  called  phenocrysts  in  a  finer  groimd 
mass  which  may  be  crystalline,  glassy,  or  a  mixture  of  the  two. 
Igneous  rocks  have  many  minerals  found  in  other  rocks,  but  they 
also  have  their  own  pecuUar  minerals  which  are  found  nowhere 
else,  and  it  is  in  connection  with  this  class  that  many  of  our  most 
interesting  and  valuable  minerals  are  found.  There  are  certain 
periods  in  the  history  of  the  earth  in  which  igneous  rocks  are  more 
frequently  found  than  in  others.  These  rocks  can  only  be  of  local 
extent,  as  there  are  comparatively  few  weak  portions  of  the  crust 
from  which  they  may  be  ejected.  An  essential  mineral  is  one  neces- 
sary to  the  definition  of  a  rock,  while  an  accessory  one  may  be 
present  or  absent  without  affecting  the  definition.  Owing  to  their 
importance  a  brief  table  of  igneous  rocks  is  given  on  page  344, 
with  their  accessory  and  essential  minerals. 

2.  Sedimentary  Rocks. — ^This  class  is  formed  by  the  destruction 
of  all  three  classes  of  rocks,  which  are  weathered,  and  then  trans- 
ported by  wind  or  water,  and  finally  deposited  in  order  of  their 
weight  and  the  carrying  power  of  the  transporting  medium.  They 
are  therefore  made  of  fragmental  material  and  are  arranged  in 
layers  or  stratified,  and  since  they  are  formed  from  the  detritus 
of  other  rocks  they  are  also  of  a  more  or  less  local  or  restricted 
occurrence.    The  vast  majority  of  all  these  rocks  are  deposited 
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Essential 
Minerals. 

Alkali 
Feldspar 
+  Quartz 

Alkali 
Feldspar 
with  lit- 
tle or  no 
Quarts. 

Alkali 
Feldspar 
-f  Neph- 

elite. 

Acid 
Plasio- 
clase  + 

or  — 
Quarts. 

Basic 
Plagio- 
olase. 

Non-Feldspathic. 

Olivine. 

Pyroxene 
orAm- 
phibole. 

Acoes- 

sory 

Minerals. 

Biotite, 
Musco- 
vite, 
Horn- 
blende, 
Pyrox- 
ene. 

Horn- 
blende. 
Biotite. 
Pyrox- 
ene. 

iEgyrite, 
Biotite. 

Horn- 
blende. 
Pyrox- 
ene, Bio- 
tite. 

Pyrox- 
ene, 
Horn- 
blende. 

Pyrox- 
ene, 
Horn- 
blende. 
Biotite. 

IsneouB, 
Mamive, 

or 

F^ruptive  " 

Rocks. 

Vol-     f 
canic    j 
or      • 
Extru- 
sive. 

Flu-    r 
tonic 

or 
Intru- 
sive. 

Rhyolite, 
C^iartz 

phyry, 
Liparite. 

Granite. 

Trach- 
yte. 

Syenite. 

Phono- 
lite. 

Nephel- 
ite  Sy- 
enite. 

Dacite. 
Andesite. 

Diorite. 

Basalt. 
Mela- 
phyre, 
Trap, 
Diabase. 

Gabbro. 
Norite. 

lim- 
burgite. 

Pcrido- 
tite. 

Augitite. 

Pyroxen- 
iteJSorn- 
blendite. 

from  suspension  from  water,  and  most  are  of  marine  formation. 
There  is  every  gradation  from  a  coarse  conglomerate  through  sand- 
stones to  fine  mud  or  clay  which,  in  case  a  river  emptied  into  the 
ocean  or  a  lake,  would  be  found  farthest  from  the  shore.  It  is  evi- 
dent that  where  rocks  were  deposited  in  this  manner,  the  upper- 
most layers  will  be  younger  than  the  lower  layers.  These  strata 
in  the  order  in  which  they  were  laid  down  from  the  beginning  of 
the  earth 's  history  to  the  present  are  known  as  the  geological  format 
lions.  They  have  been  divided  into  various  geological  periods  by 
means  of  the  fossils  which  are  found  in  them.  Fossils  are  remains 
or  impressions  of  plants  or  animals  which  have  been  buried  in 
the  sediments  that  have  become  consolidated  into  hard,  compact 
masses  by  means  of  cements,  weight  of  overlying  masses,  heat,  and 
lateral  pressure  caused  by  contraction  of  the  earth.  These  fos- 
sils give  us  more  or  less  complete  records  of  the  life  of  previous 
periods,  and  we  find  that  there  has  been  a  continuous,  progressive 
change  and  development  in  plant  and  animal  Hfe  which  we  call 
evolulion.  Life  began  with  low  forms,  and  by  development  became 
more  complex,  until  the  life  of  the  present  was  reached;  therefore 
as  we  go  down  from  younger  into  older  strata,  their  fossils  will  differ 
more  and  more  from  the  living  forms.  The  sedimentary  rocks 
have  been  divided  into  periods  which  are  characterized  by  the  occur- 
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rence  of  great  groups  of  animals  or  plants.    There  are  thirteen  such 
divisions,  as  follows,  with  the  youngest  at  the  top: 


1.  Quaternary     Period 

2.  Tertiary              '' 

Cenozoic  Era. 

3.  Cretaceous          '*       \ 

4.  Jurassic              "       > 

Mesozoic  Era. 

5.  Triassic               *'      ) 

6.  Permian             ** 

7.  Carboniferous     *' 

8.  Devonian            ^' 

9.  Silurian              " 

-Palaeozoic  Era. 

10.  Ordovician         '' 

11.  Cambrian           '* 

12.  Algonkian          '* 

Eozoic  Era. 

13.  Archffian             *' 

Azoic  Era. 

The  Archtean  rocks  are  the  oldest,  and  do  not  contain  sedimen- 
tary ones,  but  are  made  up  of  igneous  and  metamorphic  rocks.  In 
the  Algonkian  there  were  a  few  low  forms  found,  while  in  the  three 
following  periods  the  animal  life  consisted  of  invertebrates,  wnth 
some  ferns  and  seaweeds,  which  are  low  plants.  In  the  Devonian 
we  have  .nany  peculiar  fish,  which  were  the  first  vertebrates;  while 
in  Carboniferous  time  the  first  Amphibians  appeared,  associated 
with  higher  plants  which  formed  the  coal.  In  Permian  were  found 
the  first  Reptiles,  while  the  first  low  Mammal  appeared  in  Triassic. 
During  the  Mesozoic  Era,  Reptiles  prevailed  over  all  other  forms 
of  hfe,  and  modem  classes  of  plants,  fish,  and  birds  appeared  for 
the  first  time.  In  the  Cenozoic  Era,  Mammals  were  the  prevalent 
forms  of  life  and  culminated  in  Man  during  the  Quaternary  period. 

3.  Metamorphic  Rocks. — These  have  been  formed  from  igneous 
and  sedimentary  rocks  by  heat  or  pressure.  Most  have  been  made 
by  the  pressure  due  to  the  contraction  of  the  earth  from  cooling, 
which  causes  the  crust  to  be  folded,  twisted,  and  broken,  forming 
the  great  mountain  ranges.  These  movements  cause  a  recrystalli- 
zation  of  the  original  minerals  of  the  rocks,  so  that  a  Limestone  is 
changed  into  a  Marble,  a  Sandstone  into  a  Quartzite,  a  Shale  into  a 
Mica  Schist,  and  a  Granite  into  a  Granitic  Gneiss,  or  Mica  Schist. 
All  metamorphic  rocks  are  crystalline,  and  the  majority  are  also 


348  GENERAL  AND  SPECIAL  MINERALOGY 

arranged  in  layers,  so  that  to  distinguish  this  arrangement  caused 
by  pressure  from  that  caused  by  deposition,  we  say  that  they  are 
foliated.  There  are  two  classes  of  foliated  rocks,  which  are  called 
gneisses  and  schists^  which  are  often  called  crystalline  schists.  A 
gneiss  is  a  coarsely  foliated  metamorphic  rock  corresponding  miner- 
alogically  to  some  plutonic  igneous  rock.  Thus  a  Granitic  Gneiss 
is  a  coarsely  foliated  metamorphic  rock  characterized  by  the  pres- 
ence of  alkali  Feldspar  and  Quartz.  A  schist  is  a  more  finely 
foliated  rock  than  a  gneiss  and  of  variable  composition. 

Mineral  Veins. — ^These  contain  matter  which  can  hardly  be 
called  a  rock  in  the  strict  sense  of  the  term,  and  which  also  differs 
from  the  previous  class  in  respect  to  its  origin.  Mineral  veins  are 
comparatively  narrow  seams  or  cracks  in  the  crust  of  the  earth 
which  in  all  probabiUty  have  been  filled  by  precipitation  of  min- 
eral matter  from  hot  alkahne  waters.  Owing  to  their  manner  of 
deposition,  they  are  often  banded  or  arranged  in  layers  parallel 
to  the  walls  of  the  vein,  with  the  same  mineral  arranged  symmetri- 
cally on  each  wall.  Often  the  vein  is  not  fully  filled  up  at  the  center, 
and  we  see  crystals  lining  the  cavity,  or  perhaps  meeting  each  other 
as  if  they  represented  two  combs  with  interpenetrating  teeth,  which 
is  known  to  miners  as  a  comb  structure.  In  such  veins  we  find 
our  most  valuable  ores,  such  as  Gold,  Silver,  Lead,  and  Copper, 
as  well  as  some  of  our  finest  mineral  specimens.  Dikes  are  also 
Bmall  veins,  but  they  are  true  igneous  rocks,  having  a  massive  and 
crystalline  texture. 

Since  we  shall  have  to  refer  ver>'  often  to  the  elements  with 
their  relations  in  the  periodic  system  and  their  isomorphous  com- 
pounds, we  give  a  list  arranged  in  groups,  as  follows : 

Alkali  Metals. 
Li,  Na,  K,  Rb,  Cs. 

Alkaline  Earth  Metals. 
Be,  Mg,  Ca,  Ba,  Sr. 

Heavy  Metals. 
Zn,  Cd,  Pb,  Cu,  Sn. 
Ag,  Hg,  Au,  Pt. 
Fe,  Ni,  Co,  Mn. 
Cr,  Mo,  W,  Ur. 
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BriMe  Metals. 
Bi,  As,  Sb. 

Metalloids, 
P,  N. 

Si,  Ti,  Zi,  C>  B. 
F,  a,  Br,  I. 
S,  Se,  Te. 
O. 

Prof.  F.  W.  Clark,  of  the  United  States  Geological  Survey,  has 
constructed  a  table  showing  the  distribution  of  the  elements  in  the 
crust  of  the  earth,  and  in  the  ocean.  To  obtain  the  results  for  the 
crust,  which  is  93%  of  the  whole,  leaving  about  7%  for  the  ocean, 
since  the  air  is  only  about  .03%,  he  collected  several  hundred 
careful  analyses  of  igneous,  sedimentary,  and  metamorphic  rocks, 
taking  an  average  of  all.  The  table  is  as  follows: 


Element. 

Cnwt,  93JJ. 

Ooean.  7%. 

Mean  with  air 
(.03$)  included. 

O 

47.27 
27.21 
7.81 
5.46 
3.77 
2.68 
2.36 
2.40 
0.21 
0.33 
0.22 
0.01 

85.79 

49  98 

Si 

25.30 

Al 

7.26 

Fe 

5  08 

Ca 

0.05  '" 
0.14 
1.14 
0.04 
10.67 

3  51 

Mg 

2.50 

Nf..:::::....:: 

2.28 

K 

2  23 

H 

0.94 

Ti 

0.30 

C 

0.002 
2.07      ) 
0.008    J 

0.21 

CI 

Br 

0.15 

P 

0.10 
0.08 
0.03 
0.03 

0  09 

Mn 

0.07 

s . 

0.09 

0  04 

Ba 

0.03 

N 

0.02 

Cr 

0.01 

0.01 

100.00 

100.00 

100.00 

The  first  nine  elements  compose  99%  of  the  whole  earth.  The 
surprising  fact  is  made  evident  that  titanium,  which  is  regarded 
as  a  rare  element,  seems  to  be  more  plentiful  than  carbon,  in  spite 
of  the  large  amounts  of  carbonates  and  organic  substances  upon 
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the  earth,  also  that  sulphur  should  be  so  small  when  sulphides  and 
sulphates  are  our  common  minerals. 

In  discussing  the  minerals,  the  following  order  taken    from 
Dana's  "System  of  Mineralogy"  is  pursued: 

I.  Native  Elements. 

1.  Non-metals. 

2.  Semi-metals. 

3.  Metals. 

II.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides. 

III.  Sulpho-salts. — Sulpharsenites,  Sulphantimonites,  Sulpho- 

bismuthites. 

IV.  Haloids. — Chlorides,  Bromides,  Iodides,  Fluorides. 
V.  Oxides. 

VI.  Oxygen  Salts. 

1.  Carbonates. 

2.  Silicates,  Titanates. 

3.  Niobates,  Tantalates. 

4.  Phosphates,    Arsenates,    Vanadates,    Antinomates, 

Nitrates. 

5.  Borates,  Uranates. 

6.  Sulphates,  Chromates,  Tellurates. 

7.  Tungstates,  Molybdatcs. 
VII.  Hydrocarbon  Compounds. 

I.    NATIVE  ELEMENTS. 

Carbon  Group,  Dimorphous. 

1.  Diamond,   C.    Isometric,  Tetrahedral. 

2.  Graphite,    C.    Hexagonal,  Rhombohedral. 

1.    Diamond,  C. 

Isometric,  tetrahedral.      All  holohedral  forms  have  been  ob- 
served, but  O  is  probably  most  common.    The  hemihedral  forms, 

-— -«,  axid—K  are  also  found.     Faces  are  commonly  curved  and 

striated.  Twins:  0  very  common  as  contact  and  penetration 
twins,  often  flattened  parallel  O;  also  supplementar}'  penetration 
twins  ftfter  ooO^o.     Besides  crystals,  there  are  varieties  known  as 
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Bort  and  Carbonado.  Bort  consists  of  rounded  forms  with  rough 
exterior  and  a  radiated  or  confused  crystalline  structure;  it  has 
no  distinct  cleavage,  and  has  a  grayish  to  blackish  color  with  greasy 
luster;  there  are  all  gradations  from  perfect  crystals  to  Bort,  which 
is  chiefly  used  for  polishing  and  cutting  purposes.  Carbonado,  or 
Black  Diamond,  is  massive  with  crystalline  structure,  sometimes 
granular  to  compact  without  cleavage;  it  is  black  to  grayish  black 
in  color,  and  opaque;  it  grades  into  Bort  and  true  crystals;  it  is 
sometimes  found  in  masses  up  to  731  carats,  which  is  about  5 
ounces,  and  comes  mostly  from  the  province  of  Bahia,  Brazil;  it 
is  impure  and  leaves  an  ash  varying  from  0.24-2.03% ;  Carbonado 
is  also  used  for  cutting,  especially  in  diamond  drills.  Diamond 
has  a  highly  perfect  cleavage  after  O.  Conchoidal  fracture.  Brittle. 
H.  =  10,  but  is  140  times  harder  than  Corundum,  and  is  greater  on 
ooOoo  than  on  0,  because  the  latter  is  a  cleavage  surface  and  the 
direction  of  minimum  cohesion  is  normal  to  it.  G.  =  3.51-3.52 
crystals;  3.499-3.503  Bort;  3.15-3.29  Carbonado.  Luster  adaman- 
tine to  greasy.  Color  white  or  colorless;  sometimes  yellow,  red, 
blue,  orange,  green,  and  black.  The  refractive  index  is  very  high 
and  there  is  also  strong  dispersion,  since  n  =  2.41 35  for  red,  and 
2.4278  for  green.  The  high  index  causes  a  low  critical  angle  and 
therefore  great  brilliancy;  to  these  physical  properties,  with  the 
hardness,  the  value  of  the  Diamond  is  due.  When  heated  in 
oxygen,  triangular  etching  figures  are  formed  on  0  which  corre- 
spond to  the  faces  of  the  icositetrahedron,  303,  and  similar  etching 
figures  are  found  on  natural  crystals.  At  about  770°  C.  it  bums 
in  oxygen  completely  to  carbon  dioxide,  and  Moissan  states  that 
it  disappears  in  a  fusion  of  Na^COj  or  KjCOj  with  evolution  of 
carbonic  acid.  Diamond  becomes  phosphorescent  when  exposed 
to  light  or  to  an  electric  discharge,  and  becomes  positively  elec- 
trified by  friction.  The  oldest  diamond  locality  is  India,  where 
they  are  found  in  placers  and  quartzrose  conglomerates,  which 
are  reallv  old  placers  rendered  compact  by  geological  agents. 
Some  of  the  largest  gems  in  the  world  have  been  found  in  this 
region.  The  largest  was  the  Great  Mogul,  which  weighed  790 
carats,  but  was  stolen  and  has  never  been  heard  of  since.  Some 
one  has  experimented  with  Fluorite,  which  has  the  same  cleavage, 
and  finds  that,  allowing  for  cutting  and  polishing,  three  stones  the 
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size  of  the  Kohinoor  in  England,  Orloff  in  Russia,  and  the  Regent 
in  France  might  have  been  obtained  from  the  Great  Mogul,  which 
it  has  been  suggested  has  been  split  up  into  the  three  crown  jewels 
above  mentioned.  Diamonds  were  next  found  in  Brazil  in  1827 
in  practically  the  same  geological  occurrence.  It  is  said  that  Indian 
stones  are  octahedrons,  while  Brazilian  ones  are  rhombicdodeca- 
hedrons.  Some  people  have  claimed  that  the  mother  rock  of  the 
Brazilian  stones  is  a  flexible  sandstone  called  Itacolimiite,  but 
most  diamonds  found  there  were  fraudulently  inserted.  The 
probable  home  of  these  stones  is  in  the  Gneiss  Formation  of  the 
Archaean,  as  is  indicated  by  such  minerals  as  Rutile,  Cyanite, 
Octahedrite,  and  others,  which  are  also  found  in  the  placers  with 
the  Diamond,  and  which  are  common  in  gneiss.  The  chief  Diamond 
field  of  the  world  is  South  Africa,  where  they  were  discovered  in 
the  sands  along  the  Vaal  River  in  the  Transvaal  Republic  in  1867. 
The  chief  locality  is  Kimberley,  and  the  secondary  deposits  have 
been  traced  to  their  mother  rock,  which  is  a  Peridotite  called 
Kimberlite.  The  igneous  rock  occurs  in  elliptical  areas  which 
are  believed  to  be  the  fiUed-up  craters  of  previous  volcanoes;  it 
has  broken  through  bituminous  shales  of  the  Karoo  formation, 
which  may  have  furnished  the  carbon  which  might  have  been 
dissolved  and  crystallized  as  Diamond  under  the  immense 
temperature  and  pressure  prevailing.  Others  have  suggested 
that  they  have  been  torn  from  gneisses  which  have  been 
proven  to  underlie  the  surface  by  inclusions  in  the  Peridotite. 
The  rock  weathers  very  easily,  and  at  the  surface  is  called 
*' yellow  ground,''  while  below  it  is  ''blue  ground."  The  decom- 
posed rock  consists  largely  of  Serpentine  with  Calcite  and  Opal. 
From  1867-1902  it  has  been  estimated  that  South  Africa  has 
produced  over  80,000,000  carats,  or  more  than  18  tons,  with  a 
value  of  over  600,000,000  dollars.  Some  small  diamonds  have  been 
found  in  North  Carolina  and  California,  while  a  few  have  been 
found  in  the  glacial  deposits  covering  the  northern  United  States, 
which  have  evidently  been  brought  from  Canada.  One  has  been 
found  in  southern  Ohio.  Microscopic  ones  have  been  found  in 
meteorites,  and  Moissan  has  imitated  this  occurrence  by  dissolving 
carbon  in  molten  iron  and  suddenly  cooling  it.  In  1656  a  Belgian 
named  Ludwig  van  Werke  learned  the  art  of  cutting  diamonds, 
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and  since  that  time  Belgium  and  Holland  have  been  the  seat  of 
that  industry. 

2.    Graphite,  C. 

Hexagonal,  rhombohedral.  In  six-sided  tabular  crystals 
bounded  by  OP,  R,  ooP2,  and  mP2.  Commonly  in  imbedded 
foliated  masses,  also  columnar  or  radiated;  scaly;  granular  to 
compact;  earthy.  Cleavage :  OP,  perfect.  Feel,  greasy.  H.  =  l-2. 
G.  =  2.09-2.23.  Luster  metallic,  sometimes  dull,  earthy.  Color 
iron-black  to  dark  steel-gray.  Opaque.  Graphite  occurs  in  meta- 
morphic  rocks  which  are  gneisses,  schists,  and  crystalline  lime- 
stones, in  beds,  laminsB,  or  scales.  It  is  used  for  stove  polish,  lead- 
pencils,  crucibles,  lubricator,  and  paint  for  outdoor  purposes.  Very 
pure  material  comes  from  Ceylon.  It  is  also  mined  in  Siberia  and 
Bavaria,  while  the  most  important  American  locality  is  on  Lake 
George,  New  York,  near  Ticonderoga.  Rhode  Island  produces 
amorphous  Graphite  from  the  anthracite  coal.  In  1899  the  United 
States  produced  3800  short  tons  with  a  value  of  $167,000,  while 
21,000  long  tons  were  imported,  chiefly  from  Ceylon,  valued  at 
2,000,000  dollars.  Much  artificial  Graphite  in  the  form  of  graphi- 
tized  carbons  is  made  for  electrical  purposes.  Graphite  some- 
times results  from  the  action  of  pressure  or  heat  upon  coal.  In 
Rhode  Island,  a  region  very  much  folded  and  pressed  by  moimtain- 
building  forces,  the  anthracite  is  graphitic,  and  is  obtained  as  a 
by-product.  At  Olonets  in  Russia,  a  substance  intermediate  be- 
tween anthracite  and  Graphite  has  been  discovered,  and  named 
Graphitoid  or  Schungite.  It  is  combustible,  while  Graphite  is 
not.  We  know  almost  every  stage  from  wood  to  Graphite,  and 
as  we  go  dowTi  into  the  sedimentary  rocks,  just  so  much  more  do 
we  recede  from  the  woody  character  and  approach  the  graphitic. 
This  change  seems  to  be  due  to  weight,  and  to  pressure  caused  by 
the  shrinkage  in  volimie  of  the  earth.  By  means  of  hydrostatic 
pressure,  peat  has  been  changed  into  coal,  and  in  cases  where 
igneous  rocks  have  come  in  contact  with  various  coals,  they  have 
been  changed  into  a  more  concentrated  form,  as  in  Belgium,  New 
Mexico,  and  Colorado,  where  bituminous  coals  have  been  con- 
verted into  anthracite.  Rhode  Island  has  already  been  mentioned 
as  the  locality  where  anthracite  by  pressure  has  been  changed  to 
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graphitic  anthracite.  In  many  limestones  which  have  been  meta- 
morphosed, we  find  the  carbon  of  the  organisms  in  the  form  of 
Graphite.  The  change  from  wood  to  Graphite  in  the  different 
geological  periods  with  analyses  is  seen  in  the  following  table: 


Qaologioal 
Period. 


Material. 


Carbon. 


Hydro- 
sen. 


Oxygen 

and 
NiU'ogen . 


Recent 

Pleistocene  . 


Tertiary. 


Carboniferous 


Carboniferous 

Devonian. 

Silurian, 

Cambrian. 

Algonkian 

Archsan. 


Living  wood 

Peat  from  Ireland 

(  Lignite  from  Cologne,  Ger 

\      "         "    Meissen,  Ger 

(       "  "    Dux,  Bohemia 

f  Bituminous  coal  from  Saarbriicken, 

Ger 

-j  Channel  coal  from  Ungen,  Ger 

Hartley  *'       "     Newcastle,  Eng  ... 
[  Bituminous  coal  from  Eschweiler,  Ger, 

>•  Anthradte 

>  Graphitoid  from  Olonets,  Russia 

Graphite  ) 

Diamond  )   


56.65 
60.02 
66.96 
70.00 
74.20 

81.62 
85.81 

88.42 


6.25 
5.88 
5.25 
4.93 
5.89 

3.30 
5.85 
5.61 


89.16  I  3.21 


94.00 

98.11 

100.00 


3.00 
0.45 
0.00 


42.10 
34.10 
27.76 
25.07 
19.90 

14.50 
8.34 
5.97 
6.45 

3.00 
0.43 
0.00 


It  is  evident  that  with  increase  in  age,  the  volatile  constituents 
are  driven  off  and  the  carbon  is  concentrated. 


3.    Sulphur,  S. 

Orthorhombic.     Bounded  by  OP,   JP,   P,  and  P*,  with  ooP 

and  ooP*  at  times.     It  is  probably  sphenoidal  hemihedral,  as  we 

/      P  P    \ 

find  P  in  sphenoidal  development!  +  -^  k,  —  —  « jsometimes.  Also 

massive  in  reniform  shapes  and  incrustations.  Cleavage  imper- 
fect after  P.  Fracture  conchoidal  to  uneven.  Brittle.  H.  =  1.5- 
2.5.  G.  =  2.05-2.09.  Luster  resinous  to  greasy.  Color  sulphur- 
yellow,  reddish  to  yellowish  gray.  Streak  white.  Transparent 
to  translucent.  By  friction  becomes  negatively  electrified.  It 
melts  at  108°  F.,  and  at  270°  bums  with  blue  flame  to  SO,.  The 
chief  deposits  of  sulphur  are  in  connection  with  beds  of  Gjrpsum, 
having  been  formed  from  the  decomposition  of  that  mineral,  or 
in  regions  of  active  or  extinct  volcanoes.  With  Gypsum  it  is  found 
in  Sicily;  Cadiz  in  Spain;  Bex  in  Switzerland;  Cracow  in  Poland. 
Sicily  is  the  greatest  producer  in  the  world,  exporting,  in  1899, 
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550,000  long  tons  valued  at  $9,735,000,  In  connection  with  vol- 
canoes or  geysers,  it  is  found  at  the  Solfatara  near  Naples;  Kilauea 
in  the  Hawaiian  Islands;  in  the  funiaroles  of  the  Yellowstone 
National  Park;  Steamboat  Springs  in  Washoe  Co.,  Nevada;  and 
in  geysers  at  Napa  Co.,  California.  In  1899,  4830  short  tons, 
valued  at  $107,500,  were  produced  in  the  United  States  from 
Calcasien  Parish,  La.;  Humbolt  Co.,  Nev.;  El  Paso  Co.,  Tex.; 
and  Beaver  Co.,  Utah.  In  1899,  141,500  tons  were  imported 
valued  at  3  million  dollars. 

Tellurium- Arsenic  Group.     Hexagonal  Rhombohedral. 

4.  Tellurium,     Te.     RaR86*»57'.  Habit,  OR, oo R.      G.  =  6.2.  H.  =  2.5. 

5.  Arsenic,         As.        *'     85°   4'.  **       OR,- JR.    G.  =  5.7.  H.  =  3.5. 
AUemontite  (As,Sb).  Massive.                 G.«6.2.  H.  =  3.6. 

6.  Antimony,     Sb.    RaR87°7'.  Habit,  OR, -JR.  G.« 6.7.  H.  =  3.5. 

7.  Bismuth,       Bi.        '*     87*^40'.  *'       OR,  -2R.  G.=9.7.  H.-=2.5. 
Zinc,              Zn.        "     85°  14'.  *'       OR,  R.        G.=7.1.  H.=2.0. 

All  are  isomorphous  and  each  one  is  liable  to  contain  the  others. 
They  have  a  cleavage  in  most  cases  perfect  after  OR.  Zinc  con- 
nects the  scmi-metals  with  the  metals.  Arsenic,  Antimony,  and 
Bismuth  are  found  exclusively  in  ore  veins  associated  with  the 
heavy  metals  like  Silver,  as  in  the  mines  of  the  Harz,  Erz- 
gebirge,  and  Black  Forest  in  Germany.  An  alloy  of  Tellurium 
and  Selenium  also  probably  belongs  to  this  group. 

4.     Tellurium,  Te. 

Hexagonal,  rhombohedral.  OR,  xR.  Commonly  massive, 
columnar  to  fine  granular.  Cleavage:  ocR,  perfect;  OR,  imper- 
fect. Brittle,  H.  =  2-2.5.  G.  =  6.1-6.3.  Luster  metallic.  Color 
and  streak  tin-white.  Always  associated  with  Gold  or  its  ores, 
as  in  Transylvania,  Cripple  Creek,  and  at  the  Red  Cloud  mine, 
Boulder  Co.,  Colorado. 

5.    Arsenic,  As. 

Hexagonal,  rhombohedral.  OR,— ^R,  or  R  alone.  Natural 
crystals  rare.  Generally  granular  massive;  sometimes  reniform 
with  lamellar  structure.  Twins  after  —JR.  Cleavage:  OR, 
highly  perfect.    Brittle.     H.  =  3.5.     G.  =  5.63-5.73.     Luster  nearly 
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metallic.  Color  and  streak  tin-white,  tarnishing  soon  to  dark 
gray,  due  to  the  formation  of  Arsenolite,  AsjOj.  It  is  found  with 
silver  ores  in  the  Harz  and  Erzgebirge,  and  in  nodules  in  a  gold 
and  silver  mine  near  Leadville,  Colorado.  It  is  found  in  concre- 
tionary rhombohedrons,  evidently  twinned,  in  Japan. 

6.    Antimony,  Sb. 

Hexagonal,  rhombohedral.  OR,  —  ^R.  Twins  —tJR.  Gen- 
erally massive.  Cleavage:  OR,  highly  perfect.  Very  brittle. 
H.  =  3-3.5.  G.  =  6.65-6.72.  Luster  metallic.  Color  and  streak 
tin-white.  Oxidizes  to  Valentinite,  SbjOj.  Occurs  in  the  Harz; 
Pribram,  Bohemia;  and  in  considerable  quantities  at  Prince  Will- 
iam parish,  York  Co.,  New  Brunswick. 

7.    BismiUh,  Bi. 

Hexagonal,  rhombohedral.  OR,  —  2R.  Twins  —JR.  Crystals 
rare.  Usually  in  reticulated  and  arborescent  shapes.  Cleav- 
age: OR,  perfect.  SectUe.  Brittle.  H.= 2-2.5.  G.  =  9*70-9.83. 
Luster  metallic.  Color  and  streak  silver-white  with  distinct  tinge 
of  red.  It  always  accompanies  ores  of  silver,  cobalt,  and  nickel, 
as  in  the  Erzgebirge;  Modum,  Norway;  Falun,  Sweden;  Alten- 
berg.  Saxony.  In  small  quantities  it  is  foimd  at  Monroe,  Conn., 
in  Quartz  with  Wolframite,  Scheelite,  Galena,  and  Sphalerite. 

Gold  Group.    Isometric.    Isomorphoxjb. 

&  Gold,         Au.  12.  Mercury,     Hg. 

9.  Mectrum,  (Au,Ag).  13.  Amalgam,  (Ag,Hg) 

10.  Silver,       Ag.  14.  Lead,  Pb. 

11.  Copper,     Cu. 

8.    Gold,  An. 

Isometric,  commonly  O,  also  ooOoo,  ooO,  202.  Twins:  O. 
Crystals  often  distorted,  especially  202  in  the  direction  of  the  trig- 
onal axis,  giving  rise  to  rhombohedral  forms.  Skeleton  crystals 
common;  also  filiform,  reticulated,  leaves,  spongy  masses,  scales, 
and  roimded  grains.  Fracture  hackly.  Very  malleable  and  duc- 
tile. H.= 2.5-3.  G.  =  15.ft-19.3,  if  pure  19.33.  Luster  metal- 
lic.   Color  and  streak  of  22  carat  gold  is  gold-yellow  inclining  to 
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silver-white.  It  is  generally  alloyed  with  silver,  which  in  California 
Gold  amoxints  to  10-12%,  while  Australian  Gold  is  very  pure,  hav- 
ing only  about  5  %.  Sometimes  iron  and  copper,  and  rarely  pal- 
ladium, rhodium,  and  bismuth  are  allied  with  it.  Gold  has  two 
general  occurrences: 

1.  Primarily  in  Quartz  veins  with  Pyrite,  with  which  it  is  prob- 
ably mechanically  mixed.  Down  to  a  certain  depth,  which  varies 
with  climate,  percolating  waters  exert  an  oxidizing  action,  but 
below  this  level,  which  is  called  the  water-line,  all  ores  are  in  their 
original  condition.  Above  the  water-line  the  Gold-Quartz-Pyrite 
veins  become  a  rusty,  porous  Quartz  in  which  the  Gold  is  free. 
Such  ores  need  only  to  be  crushed,  after  which  the  Gold  can  be  ex- 
tracted by  amalgamation  with  mercury,  but  below  the  water-line 
all  ores  must  be  treated  by  complex  metallurgical  processes  like 
the  cyanide  or  chlorination  to  obtain  the  metal.  Gold  mines  in 
California,  Colorado,  Nevada,  and  Australia  belong  to  this  primary 
type. 

2.  Secondary  ore  beds  or  placers  which  have  resulted  from  the 
destruction  of  the  primary  deposits  by  weathering.  This  Gold  oc- 
curs in  scales  and  rounded  grains  called  nuggets,  and  has  been 
transported  by  water  and  deposited  along  with  Quartz  gravels  and 
sands  associated  with  such  heavy  minerals  as  Magnetite,  Ilmenite, 
and  Chromite,  which  leads  to  the  term  "black  sand"  for  the  most 
concentrated  deposits  containing  the  Gold.  To  this  type  belong 
most  of  the  world's  gold  fields,  but  they  are  found  especially  in 
newly  worked  regions,  and  must  eventually  be  exhausted  since 
they  are  secondary.  In  older  regions  such  as  Europe  there  are 
no  valuable  placers,  as  all  have  been  worked  out,  but  wherever 
placers  occur  there  must  have  been  Gold-Quartz  veins,  which  are 
followed  up  and  worked,  forming  a  more  permanent  source  of  the 
metal,  although  not  so  easily  or  so  cheaply  worked  as  the  placers. 
We  may  practically  say  that  the  gold  industry  depends  upon  the 
civilization,  since  placers  are  first  found  in  new  regions,  and  then 
with  more  advanced  stages  comes  the  development  of  the  veins. 
Australia  has  produced  nuggets  of  large  size.  In  1858  the  **  Wel- 
come Nugget,"  weighing  2166  ounces,  or  180  pounds,  and  valued 
at  $43,300,  was  found,  while  in  1869  the  ''Welcome  Stranger," 
weighing  2280  ounces,  or  190  pounds,  and  worth  $46,600,  was  dis- 
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covered.  Placer  deposits  are  of  two  types:  A.  Recent  gravels 
and  sands  found  along  rivers,  as  in  California,  Colorado,  Klondike, 
Australia,  and  Siberia,  or  sea-sands,  as  at  Cape  Nome,  Alaska.  B. 
Older  gravels  which  are  generally  more  consolidated.  Here  be- 
long the  Tertiary  gravels  of  California  and  Australia;  the  Carbonif- 
erous conglomerates  of  New  South  Wales;  the  Silurian  conglom- 
erates of  Johannesburg  in  South  Africa,  which  are  cemented  with 
Pyrite;  and  the  Cambrian  sandstones  of  the  Black  Hills  in  South 
Dakota.  In  1899  the  United  States  produced  3,437,210  ounces 
of  gold  valued  at  $71,053,400.  The  most  important  states  in 
their  order  were  Colorado,  California,  South  Dakota,  Alaska, 
Montana,  Utah,  Arizona,  Nevada,  and  Idaho,  whose  output 
amounted  to  $1,900,000.  The  gold  was  not  all  obtained  native, 
a  large  part  of  Colorado's,  for  example,  was  produced  from 
telluride  ores.  The  most  important  countries  are  South  Africa, 
United  States,  Australia,  Russia,  and  China.  The  world  produces 
$250,000,000  worth  of  gold  yearly. 

9.    ElectTum,  (Au,Ag). 

The  amount  of  both  elements  is  variable,  that  from  the  Altai 
Mts.  having  38.4%  Ag.  G.  =  12.5-15.5.  Color  pale  yellow  to 
yellowish-white. 

'  10.    Silver,  Ag. 

Isometric.  All  holohedral  forms  have  been  observed.  Twins 
after  0.  Crystals  commonly  distorted  into  arborescent  shapes. 
Coarse  to  fine  filiform.  Ductile  and  malleable.  Fracture  hackly. 
H.  =  2.5-3.  G.  =  10.1-11.1,  pure  10.5.  Luster  metallic.  Color 
and  streak  silver-white,  often  gray  to  black  from  tarnish  of  Ag^S. 
Fusibility  is  1050°  C,  or  1922°F.  Silver  generally  contains  gold, 
copper,  with  sometimes  platinmn,  antimony,  bismuth  and  mer- 
cury. Silver  is  not  found  in  placers,  since  it  is  easily  attacked  by 
reagents,  but  is  found  only  in  ore  veins  which  traverse  all  kinds 
of  rocks,  though  they  occur  most  frequently  in  connection  with 
igneous  masses.  It  is  generally  found  with  other  silver  minerals 
such  as  Cerargyrite,  Argentite,  Pyrargyrite,  Proustite,  and  Ste- 
phanite,  and  is  often  formed  from  their  reduction,  being  found  at 
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times  in  pseudomorphs  after  them.  It  is  generally  disseminated 
through  the  ore,  but  at  times  large  masses  are  found.  One  in  the 
Copenhagen  museum  from  Kongsberg,  Norway,  weighs  500  pounds; 
another  from  Batopilas,  Mexico,  weighed  400  pounds;  while  the 
largest  was  found  at  Huantaya,  Peru,  and  weighed  over  800  pounds. 
Large  amounts  are  found  at  the  Molly  Gibson  mine  at  Aspen,  Colo- 
rado, in  a  gangue  of  pink  Barite,  and  it  is  also  associated  with  the 
copper  deposits  of  Michigan.  Although  not  obtained  from  native 
silver,  the  total  output  of  the  metal  is  interesting.  In  1889 
the  United  States  produced  54,764,500  ounces,  with  a  value  of 
$70,806,626.  The  states  in  order  were  Colorado,  Montana, 
Utah,  Idaho,  Arizona,  Nevada,  and  California,  which  produced 
$1,065,762  worth.  It  is  a  noticeable  fact  that  the  first  two 
states  furnished  $50,000,000  out  of  the  total  of  $70,000,000 
mined.  The  silver  countries  are  the  United  States,  Mexico, 
Australia,  Bolivia,  Germany,  and  France,  all  of  which  produce 
about  $200,000,000  worth  annually. 

11.     Copper,  Cu. 

Isometric.  All  holohedral  forms  have  been  observed,  but 
tetrahexahedrons  (ooOn)  are  most  common,  but  so  distorted  as  to 
be  practically  unrecognizable.-  Twins:  O,  very  common, producing 
complex  forms  with  apparent  rhombohedral  symmetry.  Parallel 
growths  are  frequent,  forming  skeleton  crystals  extending  in  the 
direction  of  the  principal  axes.  Also  arborescent  and  finforni; 
massive;  as  sand  in  secondary  position.  Fracture  hackly.  Highly- 
ductile  and  malleable.  H.  =  2.5-3.  G.  =  8.8-8.9.  Luster  me- 
tallic. Color  copper-red.  Fusibility  780^  C.  or  1436^  F.  An  ex- 
cellent conductor  of  heat  and  electricity.  It  often  contains  silver, 
with  sometimes  bismuth  and  mercury.  It  is  noticeable  that  while 
Gold  occurs  in  rocks  with  a  high  percentage  of  silica,  Copper  has 
a  tendency  to  occur  in  rocks  having  a  small  amount  of  that  sub- 
stance. Copper  occurs  in  veins  with  its  ores  like  Chalcopyrite, 
Chalcocite,  Cuprite,  Malachite,  and  Azurite  from  which  it  is  formed 
by  reduction.  It  is  found  in  small  quantities  in  Triassic  sand- 
stones near  Diabase,  in  Mass.,  Conn.,  and  N.J.  Near  New  Haven, 
masses  from  90  to  200  pounds  have  been  found,  but  it  is  not  in 
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sufficieat  quantities  to  be  mined  profitably.  The  most  important 
native  copper  region  in  the  world  is  the  area  200  miles  long  on  the 
Keweenaw  Point  on  the  Upper  Peninsula  in  Michigan,  where  it 
occurs  in  three  ways: 

1.  As  a  cement  in  conglomerate  and  sandstone,  which  is  the 
most  important  source.  The  Calumet  and  Hecla,  Tamarack,  and 
Quincy  mines  work  ore  of  this  character. 

2.  In  amygdaloid  cavities  in  Melaphyr. 

3.  In  veins  with  Calcite. 

This  region  produced  65,803  long  tons  in  1899.  Sometimes 
large  masses  are  encountered,  but  owing  to  the  extreme  toughness 
of  the  metal  they  are  not  desirable,  since  they  must  be  cut  up  with 
chisels.  In  1857  such  a  mass  was  encountered  at  the  Minnesota, 
now  Michigan,  mine  in  Ontonagon  Co.  It  was  45  feet  long,  22  feet 
wide,  and  8  feet  thick,  contained  90%  copper,  and  weighed  over 
420  tons.  In  1899  the  United  States  produced  253,870  long 
tons,  valued  at  $100,000,000,  which  was  practically  furnished  by 
Montana,  Michigan,  and  Arizona.  During  the  same  year  the  out- 
put of  the  world  was  458,421  long  tons,  valued  at  about  18  cents 
a  pound.  The  countries  producing  were  United  States,  Spain, 
Japan,  Chile,  and  Germany. 

12.     Mercury,  Hg. 

Liquid.  In  small  fluid  globules.  G.  =  13.6.  Luster  metallic, 
very  brilliant.  Color  tin-white.  Vaporizes  at  350° C.  At  -40''C.it 
crystaUizes  in  regular  octahedrons  with  a  cubical  cleavage,*and  a 
gravity  of  14.4.  It  is  found  in  globules  in  Cinnabar  at  Almaden, 
Spain;  Idria,  Carniola,  Austria,  in  clay  state;  at  New  Idria  and 
New  Almaden  in  •California,  and  at  newly  discovered  deposits 
at  Terlingua,  Brewster  Co.,  Texas.  California  in  1899  produced 
30,000  flasks  of  mercury  holding  76^  pounds  each,  and  valued  at 
$1,452,000.     Texas  produced  above  1000  flasks. 

13.     Amalgam,  (Ag,Hg). 

Isometric.  Crystals  often  highly  modified,  with  a  prevailing 
rhombic-dodecahedral  habit.  Brittle  and  malleable.  H.  =  3-3.5. 
G.  =  13,75-14.1.       Luster  metallic,  brilliant.      Color  and  streak 
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silver-white.  The  composition  varies  from  AgjHgj  to  Ag^Hg.  Agj 
Hgs=Ag  26.4,  Hg  73.6,  while  Ag,eHg= Ag  95.1,  Hg  4.9.  It  is  said 
to  occur  in  veins  containing  ores  of  both  metals.  It  is  found  at 
Kongsberg,  Norway;  Almaden,  Spain,  and  at  several  mines  in  Chile. 

14.    Lead,  Pb. 

Isometric.  Occurs  rarely  in  crystals  as  O  or  xO.  Twins:  0- 
Usually  in  thin  plates  and  globules.  Very  malleable.  H.  =  1.5. 
G.  =  11.37.  Luster  metallic.  Color,  lead-gray.  It  is  a  very  rare 
mineral,  and  is  found  in  plates  and  scales  at  the  iron  and  manganese 
minas  of  Pajsberg  and  Langban,  in  Wermland,  Sweden. 

Platinum-Iron  Group.    Isometric. 

15.  Platinum,   (Pt,Fe).  17.  Palladium,  Pd. 

16.  Iridium,      (Ir,Pt).  18.  Iron,  (Fe,Ni). 

15.    Platinum,  Pt. 

Isometric.  Crystals  rare,  cubes  most  common,  often  distorted. 
Twins:  O.  Usually  in  grains,  scales,  and  nuggets  up  to  20 
pounds.  Fracture,  hackly.  Malleable  and  ductile.  H.  =4-4.5. 
G.  =  14-19,  pure  21-22.  Luster  metallic.  Color  and  streak  whit- 
ish steel-gray.  All  Platinum  is  alloyed  with  iron,  sometimes  up 
to  19%,  iridium,  and  osmium.  Much  Platinum  is  magnetic  on 
account  of  the  iron,  sometimes  possessing  polarity.  In  economic 
quantities  Platinum  is  always  found  in  placers,  but  recently  the 
mother  rock  has  been  foimd  to  be  basic  plutonic  igneous  rocks  like 
Gabbros  and  Peridotites,  which  in  turn  weather  easily  to  Serpen- 
tine, in  which  the  metal  is  found  disseminated  as  small  grains. 
Platinum  was  first  found  in  the  alluvial  deposits  of  the  Pinto  river, 
Choco  District,  near  Popayan,  United  States  of  Colombia,  in  1735. 
It  was  associated  with  Iridium,  Osmium,  Palladium,  Gold,  Copper 
and  Chromite,  and  was  called  ''platina  del  Pinto, '*  platina  being 
the  Spanish  diminutive  for  silver.  Colombia  still  produces  125 
kilograms  annually,  but  the  chief  producer  of  the  world  is  Russia, 
which  since  1878  has  averaged  about  2000  kilograms  yearly,  and  has 
controlled  the  market  by  limiting  the  supply.  It  was  discovered 
in  1822  in  river  gravels  at  Nischne  Tagilsk  in  the  Ural  Mountains. 
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The  associated  minerals  are  Chromite,  Magnetite,  Gold,  and  some 
Topaz,  most  of  the  Platinum  being  magnetic.  The  principal  source 
is  a  Serpentine  rock  derived  from  the  alteration  of  a  Gabbro  which 
also  contains  the  Chromite  as  a  primary  mineral.  In  New  Zealand 
it  is  found  in  a  region  in  which  a  Peridotite  rock  called  Dimite  is 
common.  This  rock  is  made  up  largely  of  OUvine  with  some  * 
Chromite.  It  is  found  in  small  amounts  in  California  placers  with 
Gold,  where  in  1899  about  300  ounces,  valued  at  $1800,  was  pro- 
duced. 

16.    Iridium,  Ir. 

Isometric.  Crystals  rare,  generally  cubes.  Twins:  O,  poly- 
synthetic.  Usually  in  angular  grains.  H.  =  6-7.  G.  =  22.6-22.8. 
Luster  metallic.  Color  silver-white.  It  is  always  alloyed  with 
Platinum  in  amounts  varying  from  20  to  56  %.  It  occurs  with 
Platinum  iii  the  Urals  and  Brazil. 

17.    PaUadium,  Pd. 

Isometric.  In  minute  octahedrons.  Mostly  in  grains.  Ductile 
and  malleable.  H.- 4.5-5.  G.  =  11.3-11.8.  Color  whitish  steel- 
gray.  It  is  aUoyed  with  Platinum  and  Iridium,  and  occurs 
with  the  Platinum  deposits  of  Brazil  and  Urals.  It  is  used  in 
astronomical  and  physical  instruments.  A  dimorphous  hexagonal 
form  was  described  in  1829  from  Tilkerode  in  the  Harz  with  Gold, 
in  hexagonal  tables. 

18.    Iran,  Fe. 

Isometric.  Rarely  in  crystals,  ooQoo,  0.  Usually  massive. 
Twins:  O.  Cleavage:  ooOoo,  perfect;  also  a  lamellar  structure 
parallel  O  and  parallel  ooO.  Fracture  hackly.  Malleable.  H. 
=  4-5.  G.  =  7.3-7.8.  Luster  metallic.  Color  steel-gray  to  iron- 
black.  Strongly  magnetic.  Iron  is  of  two  different  origins,  namely, 
terrestrial  and  meteoric. 

1.  Terrestrial  Iron.  Foimd  in  small  grains  as  well  as  masses 
up  to  20  tons  in  the  Basalt  at  Blaafjeld,  Ovifak,  Disco  Island,  and 
other  places  on  the  west  coast  of  Greenland,  where  it  was  discovered 
in  1870,  although  the  fact  that  the  natives  used  native  iron  for 
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knives  and  other  utensils  was  mentioned  by  Captain  Ross  in  1819. 
This  iron  contains  nickel  and  cobalt  up  to  4%,  on  which  account  it 
was  first  thought  to  be  meteoric.  Iron  is  also  found  in  small  quan- 
tities in  other  Basalts,  as  may  be  easily  tested  by  polishing  a  splinter 
of  the  rock  and  dipping  it  into  blue  vitriol,  after  which  the  iron 
will  be  coated  with  copper. 

2.  Meteoric  Iron.     Native  iron  occurs  in  most  meteorites,  which 
have  been  classified  as  follows: 

1.  Siderites:  composed  mostly  of  iron. 

2.  Mesosiderites:  iron  with  some  silicates. 

3.  Sporosiderites:  iron  in  grains  or  scales  distributed  through 
a  stony  matrix. 

Some  of  the  minerals  found  in  meteorites  are  Olivine, 
Mg,SiO«;  Enstatite,  (Mg,Fe)SiO,;  Augite,  Ca(Mg,Fe)(SiOj)2  with 
AljFe^;  Anorthite,  CaAl^SijOg;  and  Troilite,  FeS,  which  is  similar 
to  Pyrrhotite.  Most  of  the  minerals  are  ones  common  on  the 
earth,  and  are  interesting  because  they  show  the  occurrence  of 
terrestrial  minerals  on  other  heavenly  bodies.  All  meteoric  iron 
contains  nickel  with  some  cobalt,  usually  about  10%,  buf  in  a  few 
instances  30-60%.  Etching  with  dilute  nitric  acid  or  iodine  com- 
monly develops  a  crystal  structure  usually  consisting  of  lines  or 
bands  crossing  at  various  angles  according  to  the  position  of  the 
section.  On  O  there  are  three  sets  intersecting  at  60°,  while  on 
«0oo  they  meet  at  90°.  These  lines  are  called  Widmannstatten 
figures  after  the  person  who  first  described  them  in  1808.  They 
are  formed  by  different  lamellae  containing  less  nickel  than  others, 
which  renders  them  more  easily  etched.  Many  meteorites  show  , 
on  the  exterior  a  molten  zone  covered  with  rounded  depressions 
and  sometimes  lines  of  flow  caused  by  the  planetary  rapidity  of 
the  body  encountering  the  atmosphere.  This  produces  friction, 
which  causes  the  outer  surface  to  melt  and  fly  off  behind  as  a  lumi- 
nous vapor,  which  is  the  meteorite's  so-called  "tail  of  fire."  A 
roaring  noise  also  sometimes  accompanies  them  because  they 
move  with  such  velocity  that  a  partial  vacuum  is  made  behind 
them  into  which  the  air  rushes,  causing  the  soimd.  One  meteorite 
which  fell  in  Mexico  was  estimated  to  weigh  6  tons,  and  several 
have  been  found  to  weigh  almost  a  ton. 
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19.  Iridosmine,  (Ir,C)s). 
Hexagonal;  rhombohedral.  Rarely  in  prisms  with  base.  Usu- 
ally in  irregular  flattened  grains.  Cleavage:  OP,  perfect.  Slightly 
malleable  to  nearly  brittle.  H.  =  6-7.  G.  =  19.3-21.1.  Luster 
metallic.  Color  tin-white  to  light  st«el-gray.  Analysis  gives 
Ir= 43-70%,  Os=  17-48%  with  some  rhodium,  platinimi  and 
ruthenium.  It  is  found  with  Platinum  in  Colombia;  the  Urals; 
and  in  New  South  Wales,  Australia. 

II.    SULPHIDES,  SELENIDES,  TELLURIDES,  ARSENIDES 
ANTIMONIDES. 

These  fall  into  two  groups. 

I.  Sulphides,  etc.,  of  the  semi-metals. 

II.  Sulphides,  etc.,  of  the  metals. 

20.    Realgar,  AsS. 

Monoclinic.  Boimded  by  ooP,  ooPS,  ooPbo,  OP,  Pdb,  P. 
Crystals  short  prismatic,  striated  vertically.  Also  granular;  com- 
pact; in  incrustations.  Cleavage:  ooPoo,  rather  imperfect. 
H.  =  1.5-2.  G.=3.55.  Luster  resinous.  Color  aim)ra-red  or 
orange-yellow.  Streak  orange-red  to  aurora-red.  On  exposiure 
to  light  changes  to  Orpiment,  AsjSj,  and  Arsenolite,  As^Oj.  Real- 
gar contains  As  70.1,  S  29.9.  The  artificial  substance  is  used  for 
coloring  and  fireworks.  Realgar  is  foimd  with  Orpiment,  silver, 
and  lead  ores  at  Felsobanya  and  Kapnik  in  Hungary;  in  the  Sol- 
fataras  near  Naples;  in  seams  in  sandy  clay  beneath  lava  at  Iron 
Coimty,  Utah;- in  the  Yellowstone  Park,  where  it  is  deposited  with 
Orpiment  from  geysers. 

Stibnite  Group.    R^Sg.    Orthorhombic. 

21.  Orpiment,  As,9s- 

22.  Stibnite,  Sb,S,. 
Bismuthinite,  Bi,Ss 
Quanajuatite,  Bi]Set 

21.    Orpimeni,  As^S,. 
Orthorhombic.     Crystals  small  and  rarely  distinct.    Bounded 
by  prisms,  ooP*,  Poo,  and  P.    Usually  in  foliated  or  columnar 
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masses;  sometimes  mth  reniform  surface.  Cleavage:  ooPob,  high- 
ly perfect  and  vertically  striated.  Gliding  plane  OP.  H.  =  1.5-2. 
G.  =  3.4-3.5.  Luster  on  cleavage  face  pearly;  elsewhere  resinous. 
CJolor  lemon-yellow  of  dififerent  shades  with  paler  streak.  The 
artificial  product  is  used  as  a  pigment.  It  has  the  same  occur- 
rence and  is  found  at  the  same  localities  as  Realgar. 

22.    StibnUe,  Sh^S^, 

Orthorhombic.  Bounded  by  ooP,  ooPdb,  terminated  by  pyra- 
mids. Crystals  always  prismatic,  often  with  very  steep  pyramids. 
Vertical  planes  striated  or  grooved  horizontally,  and  crystal  may 
be  bent  in  the  same  direction,  since  OP  is  a  gliding  plane  upon 
which  we  may  sometimes  twist  crystals  60^  before  they  fall  apart. 
Many  natural  crystals  are  curved  and  twisted  from  this  cause. 
Stibnite  also  occurs  in  acicular  aggregates  often  radiating;  mas- 
sive, coarse  or  fine  columnar,  less  often  granular.  Cleavage :  oo  Pob , 
highly  perfect.  H.  =  2.  G.  =  4.5-4.6.  Luster  metallic,  highly 
splendent  on  cleavage  or  imstriated  crystal  planes.  Color  and 
streak  lead-gray  inclining  to  steel-gray.  It  is  possible  to  confuse 
Stibnite  with  Galena,  but  the  latter  is  hardly  ever  columnar,  and 
will  have  three  times  as  many  cleavage  faces  as  the  former.  Stib- 
nite has  Sb  71.4,  S  28.6,  and  i3  the  chief  ore  of  Antimony.  It  is 
found  in  Quartz  veins,  and  is  sometimes  an  ore  of  gold  as  well,  in 
Australia  and  Washingten.  It  occurs  in  considerable  quantities 
in  Japan,  Australia,  and  France.  In  1899,  234  short  tons  were 
mined  in  California  and  Idaho,  having  a  value  of  $43,000,  whereas 
the  total  consumption  was  2770  tons  valued  at  $550,000,  so  that 
most  of  the  material  had  to  be  imported. 

23.     Molybdenite,  MoSj. 

Hexagonal  (?).  Crystals  in  six-sided  scales  which  are  sup- 
posed by  some  to  be  monoclinic.  Also  foliated,  massive;  fine 
granular.  Cleavage:  OP,  eminent.  Laminae  very  flexible,  but 
not  elastic.  H.  =  1-1.5.  G.  =  4.7-4.8.  Luster  metallic.  Color 
pure  lead-gray;  a  bluish-gray  trace  on  paper,  on  porcelain  slight- 
ly greenish.  Feel,  greasy.  Comp.,  Mo  60,  S  40.  It  occurs  in 
metamorphic  rocks   rich  in  Quartz,  such  as  some  gneisses  and 
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schists,  also  cr3rstalline  limestones,  and  often  is  found  associated 
with  tin  ores,  as  in  the  Erzgebirge.  In  Renfrew  Co.,  Ontario, 
Canada,  it  is  found  in  crystals  up  to  two  inches  in  diameter.  It 
may  easily  be  mistaken  for  Graphite,  but  if  fused  with  soda 
placed  on  a  silver  coin  and  moistened,  will  give  a  black  stain  of 
AgjS.  It  is  the  chief  ore  of  Molybdenum,  and  is  used  in  the  manu- 
facture of  a  steel  called  ferro-molybdenum.  It  is  also  used  in  the 
preparation  of  ammonium  molybdate,  which  is  used  for  the  phos- 
phorous determinations  in  the  iron  industry.  At  present  the  con- 
sumption of  the  mineral  is  not  over  50  tons  a  year,  valued  at  $200 
to  $300  a  ton,  but  the  use  in  the  manufacture  of  steel  alloys  is 
increasing. 

Galena  Group.    Isometric.    Isomorphous. 

24.  Argentite,  Ag^.  25.  Galena,  PbS. 

Hessite,      Ag,Te.  Altaite,  PbTe. 

Petrite,       (Ag,Au),Te.  Clausthalite,  PbSe. 

24.  Argentite,  AgjS. 

Isometric,  O,  ooO,  ooOoo,  most  common.  Twins:  penetra- 
tion after  O.  Crystals  distorted.  Sixteen  faces  of  an  icositet- 
rahedron  which  meet  in  the  horizontal  plane  of  symmetry  are  ex- 
tended until  they  intersect  the  vertical  axis,  producing  an  appar- 
ent ditetragonal  pyramid.  Frequently  forms  parallel  growths 
resulting  in  reticulated,  arborescent,  and  filiform  shapes;  also  mas- 
sive, embedded,  or  as  a  coating.  It  is  perfectly  sectile  and  is  one 
of  the  few  substances  having  metallic  luster  outside  of  metals 
which  possess  the  property.  H.  =  2-2.5.  G.  =  7.2-7.3.  Luster 
metallic.  Color  and  streak  blackish  lead-gray.  Ag=87.1, 
S  =  12.9.  It  is  found  in  ore  veins  in  the  Erzgebirge;  Kongsberg, 
Norway;  Mexico;  Peru;  Bolivia;  occurs  in  Nevada  at  the  famous 
Comstock  lode;  with  Copper  and  Silver  in  Michigan. 

25.     Galena,  PbS. 

Isometric.  There  are  two  types:  1.  Cubical  with  ooOoo pre- 
dominating, and  0  smaller,  sometimes  with  ooO.  2.  Octahedral, 
which  is  not  so  common  where  0  prevails  and  xOoo  is  small. 
Twins:  contact  and  penetration  after  0.    Also  in  skeleton  crystals, 
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reticulated,  tabular.  Massive  cleavable,  coarse  or  fine  granular  to 
impalpable;  occasionally  fibrous  to  somewhat  columnar.  In  crys- 
tals the  cube  faces  are  generally  bright  and  smooth,  while  those 
of  the  octahedron  are  dull  and  rough.  Cleavage:  ooOoo,  highly 
perfect.  Gliding  planes  after  ooO,  like  Halite.  H.  =  2.5-2.7.  G. 
=  7.4-7.6.  Luster  metallic.  Color  and  streak  pure  lead-gray. 
Opaque.  Comp.,  Pb  86.6,  S  13.4.  Galena  often  contains  silver  in 
small  amounts  because  isomorphous  with  Argentite,  and  is  then, 
worked  as  a  silver  ore.  Most  silver  is  probably  obtained  from  this 
source.  It  occasionally  contains  selenium,  zinc,  cadmium,  anti- 
mony, bismuth,  and  copper.  There  are  two  general  occurrences  of 
Galena:  1.  In  ore  veins,  in  which  case  it  is  very  frequently  argentif- 
erous. It  is  associated  with  Pyrito,  Sphalerite,  Chalcopyrite  in  a 
gangue  of  Quartz,  Calcite,  Barite,  or  Fluorito.  Such  is  the  geo- 
logical occurrence  of  the  mines  at  Freiberg  and  elsewhere  in  the 
Erzgebirge;  Harz,  Mexico,  Australia;  Loadville,  Aspen,  Creede,  and 
Silverton  in  Colorado;  Coeur  d'Alene  district  of  Idaho.  2.  In 
dolomitic  limestone  disseminated  through  it  and  accumulated  in 
cavities  formed  by  the  solution  of  the  limestone  and  filled  subse- 
quently with  ore.  Such  Galena  is  always  non-argentiferous,  and 
is  accompanied  by  Sphalerite  and  other  zinc  ores  which  gen- 
erally predominate  over  the  Galena.  Such  is  the  occurrence  in 
the  Mississippi  valley,  in  portions  of  Missouri,  Kansas,  Iowa, 
Illinois,  and  Wisconsin.  In  the  lower  part  of  the  region,  the 
limestones  are  of  Lower  Carboniferous  age,  while  in  the  northern 
portion  ores  are  in  the  Galena  limestone  of  the  Ordovician.  Similar 
deposits  are  found  in  Triassic  limestones  in  Belgium  and  the  neigh- 
boring Rhine  Provinces  of  Germany,  as  well  as  Silesia  and  Russian 
Poland.  The  largest  producers  of  lead  in  the  United  States  in  lvS99 
were  Colorado,  Idaho,  Mississippi,  Utah,  and  Montana,  all  of  which 
produced  210,500  short  tons  of  lead  valued  at  about  $19,000,000. 
The  chief  countries  were  United  States,  Spain,  Germany,  Mexico, 
and  Australia,  together  producing  about  800,000  metric  tons. 
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Chalcocite  Group.    RS.    Orthorhombic. 


26.  Chalcocite,       Cu^S. 

27.  Stromeyerite,  (Ag,Cu)jS. 

28.  Stembergite,    Ag^.Fe«S| 


26.    ChalcocUe,  Cii^S. 

Orthorhombic.  Crystals  short  prismatic  bounded  by  OP,  ooP, 
00 Poo,  with  a  series  of  pyramids  and  brachydomes.  ooP  has  an 
angle  of  119°  35'  which  is  nearly  that  of  the  hexagonal  prism.  In 
most  minerals,  whenever  an  angle  approaches  that  belonging  to  a 
higher  grade  of  symmetry,  the  necessary  planes  occur  to  increase 
the  deception.  Here  the  brachypinacoid  occurs,  giving  a  six-sided 
appearance  to  the  vertical  zone,  and  the  pyramids  are  matched  by 
the  brachydomes.  The  base  is  striated  parallel  to  the  a  axis  be- 
cause of  oscillatory  combinations  with  brachydomes,  but  if  the 
mineral  was  hexagonal  there  would  have  to  be  three  sets  of  stria- 
tions.  Twins:  (1)  twinning  plane  ooP  very  common,  producing 
pseudohexagonal  forms,  sometimes  trillings.  The  number  of  sets 
of  striations  on  the  base  will  tell  the  number  of  individuals.  (2) 
twinning  plane  JP  as  penetrations  in  which  the  tabular  crystals 
cross  at  angles  of  88°.  (3)  twinning  plane  ^Pob  ;  cruciform  pene- 
trations where  the  individuals  cross  at  111°  and  69°.  Cleavage 
not  noticeable.  Fracture  conchoidal.  H.=  2.5-3.  G.  =  5.5-5.8. 
Rather  brittle.  Luster  metallic.  Color  and  streak  blackish  lead- 
gray,  often  tarnished  blue  or  green  by  Covellite.  Opaque.  Com- 
position, Cu  79.8,  S  20.2.  Artificial  CUjS  is  isometric.  Chalcocite 
occurs  in  veins  with  other  copper  ores,  as  at  Cornwall,  England; 
Monte  Catini,  Tuscany;  Bristol,  Conn.,  and  in  large  quantities  at 
Butte,  Mont. 

27.     Stromeyerite,  (Ag,Cu)2S. 

Orthorhombic.  Form  prismatic  with  ooP,  ooPob,  ^Pob,  and 
JP  so  that  it  resembles  a  hexagonal  prism  with  flat  pyramid. 
Twins:  ooP.  Also  massive,  compact.  Fracture  subconchoidal. 
H.= 2.5-3.  G.= 6.1-6.3.  Luster  metallic.  Color  and  streak  dark 
8teel-gray.     Comp.,  Ag  53,1,  Cu  31.1,  S  15.8,    It  is  associated 


366  GkNERAL  A^b  SPECIAL  AtlNiJRAtOOV 

with  Chalcopyrite  in  ore  veins,  and  is  a  rare  but  valuable  ore.  It 
is  found  in  Siberia,  Chile,  Argentina,  Mexico;  Heintzelman  mine, 
Arizona;  Yankee  Giri  mine,  Ouray  Co.,  Colorado. 

28.     Stembergite,  Ag2S.Fe4S5. 

Orthorhombic.  Crystals  tabular  after  OP,  which  is  striated 
parallel  to  the  h  axis.  Twins:  xP.  Commonly  in  rose-  or  fan-like 
aggregates.  Cleavage:  OP,  highly  perfect.  Thin  laminae  flex- 
ible, like  tin-foil.  Leaves  a  trace  on  paper  Uke  Graphite.  H.  = 
1-1.5.  G.  =  4.1-4.2.  Luster  metallic,  OP  very  brilliant.  Color 
pinchbeck-brown  with  occasionally  a  violet-blue  tarnish  on  some 
faces.  Opaque.  Comp.,  Fe  35.4,  Ag  34.2,  S  30.4.  It  occurs  with 
silver  ores  in  the  Erzgebirge. 

29.    Sphalerite,  ZnS. 

Isometric,  tetrahedral.    Common  combinations  are  ooO,  with 

303  O  O 

——/c  to  which  ooOoo  is  sometimes  added;  xOwith-f  ^r-x"  and— — /f, 

in  which  case  it  is  said  that  the  positive  and  negative  forms  are 
distinguishable  by  some  physical  properties,  such  as  luster,  size, 
smoothness  or  roughness.  Twins  very  common:  twinning  plane 
O,  with  composition  face  usually  the  same,  but  sometimes  perpen- 
dicular to  0.  All  crystals  are  generally  complex  and  distorted, 
sometimes  resembling  rhombohedral  forms,  and  as  a  result  are  very 

303 

difficult  to  decipher  and  understand.    The  faces  of  ooO  and  -k~'^ 

at  the  ends  of  the  trigonal  axes  are  often  rounded  into  a  low  conical 
form.  Commonly  massive  cleavable,  coarse  to  fine  granular. and 
compact;  also  foliated,  sometimes  fibrous  and  radiated;  in  imi- 
tative shapes.  Cleavage:  ooO,  highly  perfect.  Brittle.  H.= 
3.5-4.  G.  =  3.9-4.1.  Luster  resinous  to  adamantine.  Color  com- 
monly yellow,  brown,  black;  also  red,  green  to  white,  and  when 
pure  is  nearly  colorless,  as  in  the  variety  Cleiophane  at  Franklin 
Furnace,  N.  J.  Streak  brownish  to  light  yellow  and  white.  Trans- 
parent to  translucent.  Comp.,  Zn  67,  S  33.  Often  containing 
iron,  sometimes  up  to  26%,  manganese,  and  sometimes  cadmium 
with  traces  of  indium,  gallium,  and  thallium.    At  times  it  may 
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contain  gold  and  silver.  The  black  colors  are  due  to  iron,  whence 
the  name  ''black  Jack'*  applied  to  the  mineral  by  the  old  Comish 
miners.  It  is  the  most  common  and  chief  ore  of  zinc,  being  found 
in  two  geological  occurrences: 

1.  In  dolomitic  limestones  disseminated,  and  in  cavities,  accom- 
panied by  Galena  in  subordinate  amounts,  as  in  the  Mississippi 
valley,  Rhine  provinces,  Silesia,  and  Russian  Poland. 

2.  -  In  veins  with  argentiferous  Galena  and  other  sulphides,  as  in 
Harz,  Erzgebirge,  Cornwall,  Colorado,  Nevada,  Utah,  and  wher- 
ever ore  veins  are  found.  The  amount  of  zinc  produced  in  the 
United  States  in  1899  was  130,000  short  tons,  valued  at  $14,840,000, 
of  which  about  $10,000,000  worth  was  produced  in  the  Mississippi 
valley.  The  world's  production  was  about  500,000  long  tons, 
distributed  through  the  district  embracing  the  Rhine  provinces, 
Belgium,  and  Holland  as  chief  producers,  followed  by  the  United 
States,  Silesia,  France  and  Spain;  Great  Britain  with  the  United 
States  furnishing  24%  of  the  whole.  Some  zinc  is  produced  from 
the  oxidation  products  of  Zinc  Blende,  as  Sphalerite  is  also  called.  j 
These  are  Smithsonite  and  Calamine.  FrankUn  Furnace,  N.  J., 
also  produces  considerable  Willemite,  but  the  greater  proportion 
of  all  zinc  comes  from  Sphalerite. 


CiNNABAR-WURTZITE-MlLLERITE  GrOUP.      HeXAGONAL. 

30.  annabar,  HgS.  35.  Niccolite,  NlAs. 

31.  CoveUite,  CuS.  36.  Breithauptite,  NiSb. 

32.  Greenoddte,  CdS.  37.  Troilite,  FeS. 

33.  Wurtrite,  ZnS.  38.  Pyrrhotite,        FenS»+i. 

34.  Millerite,  NiS. 


30.    Cinnabar,  HgS. 

Hexagonal,  rhombohedral,  trapezohedral  tetartohedral,  like 
Quartz.  Eighty-five  forms  have  been  observed.  Habit  is  rhombo- 
hedral or  thick  tabular,  and  crystals  rarely  show  the  tetartohedral 
form.  Conunon  type  is  OR,  |R,  R,  ooR,  which  is  small.  In 
others  the  prism  and  base  are  well  developed,  while  the  other  faces 
are  small.  Twins:  ooP,  penetrations,  also  after  ooP2,  as  in  Brazil 
law  in  Quartz.     It  was  first  thought  to  be  rhombohedral,  but  Des 
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Cloizeaux  found  that  it  was  circular  polarizing,  and  that  it  was  fifteen 
times  stronger  than  Quartz,  so  that  where  Quartz  one  millimeter 
thick  turns  sodium  light  22°  to  the  right  or  left,  Cinnabar  of  the 
same  thickness  will  cause  the  plane  of  polarization  to  be  rotated 
330**.  In  order  to  possess  this  property  the  body  should  be  enantio- 
morphous,  but  it  was  not  until  1871  that  the  Italian,  d'Achiardi 
discovered  the  faces  of  a  trigonal  trapezohedron.  Also  massive, 
granular,  and  incrustations;  sometimes  as  an  earthy  coating. 
Cleavage:  00 R,  perfect.  H.  =  2-2.5.  G.  =  8-8.2.  Luster  adaman- 
tine, inclining  to  metallic  when  dark-colored,  and  to  dull  when 
in  friable  masses.  Color  cochineal-red,  inclining  to  brownish  red. 
Streak  scarlet.  Transparent  to  opaque.  Indices  and  double  refrac- 
tion, extraordinarily  high,  fi;,.= 2.854  €^=3.201,  double  refraction, 
e-6>= 0.347,  of  positive  character.  Circular  polarization  is  chiefly 
left-handed,  and  twins  sometimes  show  Airy's  spirals.  Comp., 
Hg  86.2,  S  13.8.  Cinnabar  probably  is  associated  with  volcanic 
action,  and  is  sometimes  deposited  from  hot  springs.  It  is  the 
chief  ore  of  mercury.  The  mines  of  Almaden,  Spain,  were  worked 
in  Roman  times  by  the  state  criminals,  who  were  finally  poisoned 
by  the  vapors.  This  region  was  said  by  Strabo  and  Pliny  to  fur- 
nish Rome  10,000  pounds  of  mercury  yearly.  There  are  three  veins 
in  Silurian  slates  and  hmestones  underlain  by  Diorite,  which  con- 
tains Cinnabar,  Pyrite,  and  Galena  in  a  Quartz  gangue.  This 
region  is  still  the  chief  producer,  furnishing  nearly  50,000  flasks 
of  76i  pounds  each  annually.  Another  important  locality  is  Idria, 
Camiola,  Austria,  where  Jura-Trias  conglomerates,  sandstones,  and 
slates  are  impregnated  with  Cinnabar.  California  is  a  very  im- 
portant producer,  and  has  several  mines,  the  Ifirgest  of  which  are 
Napa  Consolidated,  New  Idria,  New  AJmaden,  iEtna,  Altoona, 
Great  Eastern,  and  Great  Western.  In  most  the  ore  is  in  veins  in 
Cretaceous  slates  near  igneous  rocks.  At  New  Almaden  the  vein 
is  Y-shaped,  the  two  coming  together  as  the  depth  increases.  Near 
the  vein  is  a  dyke  of  Rhyolite.  The  mine  is  now  1800  feet  deep, 
and  a  temperature  of  88*^  F.  is  encountered,  indicating  that  an  un- 
cooled  igneous  mass  lies  below,  which  may  have  caused  the  subli- 
mation or  solution  and  subsequent  deposition  of  ores.  The  gangue 
is  Dolomite,  Calcite,  Quartz,  with  Pyrite.  Sulphur  Bank,  California, 
is  an  interesting  mine,  because  the  vein  is  still  forming.     It  w^as 
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first  opened  for  sulphur;  a  fissure  is  filled  with  brecciated  fragments 
which  are  cemented  with  Cinnabar;  hot  water  still  enters  the  vein, 
and  gelatinous  silica  is  still  deposited,  being  soft  and  cheesy.  At 
Steamboat  Springs  in  Nevada,  Cinnabar  and  Sulphur  are  also  still 
being  deposited  from  hot  springs  which  are  being  regarded  as  one 
of  the  last  stages  of  volcanic  action.  Earthy  Cinnabar  with  some 
Mercury  has  recently  been  found  in  paying  quantities  at  Terlingua, 
Brewster  Co.,  Texas.  The  region  produced  about  1000  flasks  in 
1899. 

•"  31.    CoveUiU,  CuS. 

Hexagonal,  possibly  rhombohedral.  Rarely  in  crjrstals.  Com- 
monly massive  or  in  laminse.  Cleavage:  OP,  perfect.  Flexible  in 
thin  leaves.  H.  =  1.5-2.  G.  =  4.6.  Luster  submetallic,  inclining 
to  resinous,  or  dull  when  massive.  Color  indigo-blue.  Streak 
lead-gray  to  black,  shining.  Opaque.  Comp.,  Cu  66.4,  S  33.6. 
It  results  from  the  alteration  of  other  copper  ores  on  which  it  often 
occurs  as  a  tarnish.  It  is  found  in  some  quantity  with  the  copper 
ores  at  Butte,  Montana,  but  has  lately  been  discovered  in  large 
quantities  and  shipped  as  ore  from  the  Rambler  mine,  Albany  Co., 
Wyoming.  The  mineral  was  first  found  in  the  lavas  of  Mount 
Vesuvius,  Italy. 

32.    Greenodeiie,  CdS. 

Hexagonal,  hemimorphic.  Boimded  by  OP,  P,  below,  with 
00  P,  and  above  by  OP  and  several  pyramids  of  the  first  order. 
Crystals  are  small,  most  frequently  as  a  coating  associated  with 
zinc  ores.  Cleavage:  ooP2,  distinct.  H.  =  3-3.5.  G.= 4.9-6. 
Luster  adamantine  to  resinous.  Color  yellow,  of  diflFerent  shades. 
Streak  orange-yellow  to  brick-red.  Nearly  transparent.  Comp., 
Cd  77.7,  S  22.3.  It  occurs  generally  with  zinc  ores,  as  in  the  Mis- 
sissippi valley,  and  at  Friedensville,  Lehigh  Co.,  Pa. 

33.     WurttUe,  ZnS.         ^^ 

Hexagonal,  hemimorphic.  Similar  to  Greenockite.  Also  massive 
fibrous  in  layers.  Cleavage,  ooP2,  easy.  H.«=  3.5-4.  G.=3.98. 
Luster  resinous.     Color  brownish  black.     Streak  brown.     With 
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Sphalerite  and  other  zinc  ores  at  Altenberg,  Germany;  Weisloch, 
Baden,  Germany;   Pribram,  Bohemia,  and  at  Butte,  Montana. 

34.    MiOerUe,  NiS. 

Hexagonal,  rhombohedral.  Usually  in  slender,  capillary  crys- 
tals often  radiating,  sometimes  interwoven  like  a  wad  of  hair, 
whence  the  name  Haarkies  of  Werner.  Also  in  globular  incrusta- 
tions which  on  the  cross-fracture  show  a  radiated  structure. 
Cleavage:  |R,  —  |R,  iR,  —  JR,  all  perfect.  Brittle;  capillary 
crystals  elastic.  H.  =  3-3.5.  G.==  5.3-5.6.  Luster  metallic.  Color 
brass-yellow,  inclining  to  bronze-yellow,  with  a  gray  iridescent 
tarnish  at  times.  Streak  greenish  black.  Comp.,  Ni  64.6,  S  35.3. 
It  is  found  as  capillary  crystals  in  cavities  in  Hematite  at  Antwerp, 
New  York;  in  tangled,  hair-like  tufts  included  in  Calcite  at  St. 
Louis,  Mo.,  and  elsewhere  in  the  Mississippi  valley;  in  thin  coatings 
with  radiated  fibrous  structure  with  Pyrrhotite  and  Chalcopyrite 
at  the  Gap  mine,  Lancaster  Co.,  Pa. 

35.    Niccolite,  NiAs. 

Hexagonal.  OP,  ooP,  P.  Crystals  rare.  Usually  massive, 
structure  nearly  impalpable;  also  reniform  with  columnar  struc- 
ture; reticulated  and  arborescent.  Fracture  uneven.  Brittle. 
H.  =  5-5.5.  G.  =  7.3-7.67.  Luster  metallic.  Color  pale  copper- 
red,  with  gray  to  blackish  tarnish.  Streak  pale  brownish  black. 
Opaque.  Comp.,  Ni  43.9,  As  56.L  Usually  contains  a  little  iron, 
cobalt,  sulphur,  and  sometimes  antimony,  in  which  case  it  ap- 
proaches Breithauptite.  It  accompanies  cobalt,  silver,  and  copper 
ores  in  the  Erzgebirge;  Cornwall,  England;  Franklin  Furnace, 
N.  J.,  and  Tilt  Cove,  Newfoundland. 

36.     BreiihauptUe,  NiSb. 

Hexagonal.  OP,  ooP,  ^P,  fP,  2P.  Crystals  thin  tabular, 
rare.  Arborescent  and  disseminated,  massive.  Fracture  imeven. 
Brittle.  H.  =  5.5.  G.  =  7.54.  Luster  metallic,  splendent.  Color 
on  fresh  fracture  light  copper-red,  inclining  strongly  to  violet. 
Streak  reddish  brown,     Comp.,   Ni  32.8,   Sb  67.2.     Arsenic  is 
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sometimes  present.    Found  in  the  Harz  at  St.  Andreasberg  with 
Smaltite,  Galena,  and  Calcite. 

37.     TroilUe,  FeS. 

Usually  massive.  H.  =  4.  G.= 4.75-4.82.  Color  tomback- 
brown.  Streak  black.  Comp.,  Fe  63.6,  S  36.4.  It  may  be  iden- 
tical with  Pyrrhotite.  It  contains  some  nickel,  and  is  very  com- 
mon in  iron  meteorites. 

38.    Pyrrhotite,  FcnSn+i- 

Hexagonal.  OP,  ooP^  P,  4P.  Distinct  crystals  rare,  tabular. 
Twins  after  P.  Usually  massive  with  granular  structure.  Cleav- 
age: OP,  sometimes  distinct.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  3.5-4.5.  G.= 4.58-4.64.  Luster  metallic.  Color 
bronze-yellow  with  a  tinge  of  red,  tarnishing  rapidly.  Streak 
dark  grayish  black.  Magnetic  with  intensity  variable,  sometimes 
possessing  polarity.  The  mineral  is  also  called  Magnetic  Pyrites. 
Analyses  conform  most  frequently  to  Fe^Sg  and  Fej^Su,  but  they 
vary  from  Fe^S,  to  Fe^^Sj^.  Most  Pyrrhotite  shows  a  small  per- 
centage of  nickel,  sometimes  up  to  6%,  and  sometimes  cobalt, 
and  it  is  the  second  most  important  nickel  ore.  Pyrrhotite  occurs 
with  basic  plutonic  rocks  such  as  Gabbros,  Norites,  and  Peridotites. 
Sudbury,  Ontario,  Canada,  is  the  chief  producer  of  nickeliferous 
Pyrrhotite  which  is  associated  with  Chalcopyrite.  An  analysis 
gave  S  38.91,  Fe  56.39,  Ni  4.66  =  99.96.  In  1899  this  region 
produced  5,744,000  pounds  of  nickel  valued  at  $2,067,840.  The 
Gap  mine  at  Lancaster,  Pa.,  has  a  similar  occurrence,  and  was  the 
chief  producer  in  the  United  States  for  many  years,  but  is  now 
closed.  An  analysis  from  here  gave  S  38.59,  Fe  55.82,  Ni  5.59. 
In  1899  this  country  only  produced  22,541  pounds  of  nickel  valued 
at  $8,566.  Pyrrhotite  is  also  found  in  the  copper  mines  at  Duck- 
town,  Tenn. 

39.     Bomite,  CUgFeS,. 

Isometric.     Habit   cubical.     Twins:    O,    often    penetrations, 

hexagonal  in  form.    Crystals  rare,  faces  often  rough  or  curved. 

Massive,   structure    granular    or  .  compact.      Fracture    uneven. 

Brittle.    H.  =  3.    G.= 4.9-5.4.     Luster    metallic.    Color  between 


402  GENERAL  AND  SPECIAL  MINERALOGY  i 

copper-red  and  pinchbeck-brown  on  a  fresh  fracture,  but  becomes 
rapidly  tarnished  to  Covellite,  becoming  first  red,  then  purple,  , 

and  finally  indigo-blue.  Streak  pale  grayish  black.  Analyses  of 
crystals  correspond  to  the  formula  which  gives  Cu  55.5,  Fe  16.4.  . 

S  28.1,  Wut  the  massive  varies;  that  of  Eisleben  in  the  Mansfeld 
region  of  Prussia  gives  Cu  69.72,  Fe  7.54,  S  22.65,  containing  also 
some  silver.  In  this  region,  which  has  been  worked  over  a  thou- 
sand years,  argentiferous  Bomite  and  Chalcopyrite  are  found  in 
thin  seams  never  aggregating  more  than  a  quarter  of  an  inch  in 
thickness,  in  bituminous  shales  of  Permian  age.  These  shales 
contain  many  fossil  fish  which  are  impregnated  with  the  copper 
salts,  and  which  were  evidently  poisoned  by  the  solutions,  since 
they  are  found  in  distorted  positions,  some  with  their  spines  bent 
backward  almost  double.  Bornite  is  also  found  in  veins  in  con- 
siderable quantities  at  Monte  Catini,  Tuscany;  in  Cornwall,  Eng- 
land; in  the  Parry  Soimd  district  of  the  Georgian  Bay,  Canada; 
Bristol,  Conn. ;  and  at  Butte,  Mont. 

40.    Chalcopyrite,  CuFeSz. 

Tetragonal,  sphenoidal.  Axial  ratio  c  :  a=0.98525:l,  so  that 
some  of  the  forms  approach  so  nearly  to  those  of  the  isometric 
system,  that  the  eye  cannot  distinguish  them.     Habit  is  sphen- 

oidal,  sometimes  with  — ^r— /f,  mPoo,  and    ooP.     The  most  com- 

p 
mon  sphenoids  are  -^r-  /c",  which  is  large,  dull  in  luster,  or  oxidized, 

p 

and  diagonally  striated,  with  —  — /c,  whose  faces  are  small,  brilliant, 

not  oxidized  or  striated.  A  combination  of  sphenoid  with  tetra- 
gonal scalenohedron  resembles  an  icositetrahedron.  Twins:  (1) 
twinning  plane  P  similar  to  Spinel  law  either  as  contact  or  pene-  , 

tration;  composition  face  usually  P,  but  sometimes  perpendicular  ^ 

to  it.     (2)  twinning  plane  Poo   often  as  repeated  twins.     Often  I 

massive,  compact.    Cleavage:    2Poo,  sometimes  distinct;  OP,  in-  I 

distinct.  Fracture  uneven.  Brittle.  H.  =  3.5-4.  G.  =  4.1-4.3. 
Luster  metallic.  Color  brass-yellow,  often  with  iridescent  tarnish 
of  Covellite.  Streak  greenish  black.  Opaque.  Comp.,  Cu  34.5, 
Fe  30.5,  S  35.0.     It  is  sometimes  auriferous  and  argentiferous 


404 


GENERAL  AND  SPECIAL  MINERALOGY 


and  at  times  contains  small  amounts  of  selenium  and  thallium. 
It  is  easily  mistaken  for  Pyrite,  but  is  readily  scratched  by  the 
knife  while  Pyrite  practically  remains  unscratched  Chalcopy- 
rite  occurs  in  v.eins.  It  is  the  principal  ore  of  copper  all  over  the 
world,  and  above  the  water-line  alters  to  oxides,  carbonates,  and 
silicates,  as  well  as  to  other  sulphides.  It  is  produced  in  the  Rio 
Tinto  region  of  Spain  and  Portugal;  Mansfeld,  Germany;  Ram- 
nielsberg,  near  Goslar,  and  elsewhere  in  the  Harz;  Freiberg  and 
elsewhere  in  the  Erzgebirge;  Cornwall,  England.  The  greatest  pro- 
ducer of  Chalcop^Tite  and  allied  sulphides  in  the  world  is  Butte, 
Montana,  which  in  1899  produced  225,126,855  pounds  of  copper 
valued  at  about  $40,000,000.  This  region  produced  almost  40% 
of  all  copper  mined  in  the  United  States. 

41.  Stannite,  CujS.FeS.SnSj. 
Massive,  granular,  and  disseminated.  Fracture  uneven.  Brit- 
tle. H.  =  4.  G.  =  4.3-4.5.  Luster  metalUc.  Color  steel-gray  to 
iron-black.  Streak  blackish.  Comp.,  Cu  29.5,  Sn  27.5,  Fe  13.1, 
S  29.9.  It  is  found  in  veins  in  Cornwall  and  Erzgebirge.  Its  oxi- 
dation products  are  Azurite,  Malchite,  Cassiterite,  and  Limonite. 
These  have  been  found  in  considerable  quantities  in  Australia,  and 
are  mined  for  copper  and  tin.  It  may  be  that  the  mineral  has  a 
more  general  occurrence  than  above  indicated.  The  Cassiterite 
would  naturally  be  mistaken  for  Cuprite  in  the  above  association. 
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42.    Pyrite,  FeS^. 
Isometric,  pentagonal.  Eighty-five  forms  liave  been  observed,  as 


follows:    ocOqo,0,  xO,  35  -7^— tt. 


31         TZy   llniOm,  and    5?nO, 
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There  are  three  types  of  crystals:  (1)  cubical,  ooOoo,  alone  striated 

in  three  directions  at  right  angles,  or  with  — ^r-^,  ~o~^'  ^»  small. 

00  02 
The  most  common  pentagonal  dodecahedron  is  — j^;r,  which  is  called 

the  pyritohedron.     This  type  is  the  most  common.     (2)    Pyrito- 

hedral,  n  alone,  or  with  the  above  forms  small.    Faces  some- 

times  striated  parallel  to  cube  because  of  oscillatory  combinations 

between  the  two  similar  to  the  previous  type.     (3)    Octahedral 

00  02 
alone,  or  with  — jr— ;r,  which  is  not  common.    Twins:  ooO,  usually 
A 

penetrations  known  as  the  Iron  Cross,  which  are  supplementary 
twins  made  by  a  positive  and  negative  form  with  parallel  axes. 
Crystals  sometimes  distorted  into  acicular  forms  in  the  direction 
of  the  principal  axes,  at  times  elongated  in  the  direction  of  the 
trigonal  axes.  Cube  faces  sometimes  curved.  Also  massive,  fine 
granular;  sometimes  subfibrous  radiated;  reniform,  globular, 
stalactitic.  Cleavage  very  indistinct  after  ooOoo  and  0.  Brittle. 
H.  =  6-6.5.  G.  =  4.95-5.10.  Luster  metallic,  splendent  to  glisten- 
ing. Color  pale  brass-yellow.  Streak  greenish  to  brownish  black. 
Opaque.  Insoluble  in  HCl,  but  soluble  in  HNO3.  Comp.,  Fe  46.6, 
S  53.4,  at  times  nickel,  cobalt,  thallium,  and  gold.  Auriferous  P3rrite 
is  one  of  the  most  important  sources  of  gold,  and  on  weathering 
becomes  the  cause  of  the  "Rusty  Quartz"  of  the  miners.  Pjnrite 
weathers  readily  to  Limonite,  which  is  found  as  pseudomorphs 
after  it.  When  in  shales  it  decomposes,  forming  an  aluminum 
sulphate  which  is  sometimes  worked  as  a  source  of  alum,  and  the 
rocks  are  called  alum  shales.  Pyrite  is  used  chiefly  in  the  manu- 
facture of  sulphuric  acid.  The  iron  residue  is  known  as  Paris  red  or 
rouge,  and  is  used  for  polishing  purposes.  It  is  also  used  in  metal- 
lurgy, and  for  the  production  of  sulphur  and  copperas.  Pyrite 
occurs  everywhere,  in  veins,  igneous,  metamorphic,  and  as  concre- 
tions in  sedimentary  rocks.  The  rusty  stains  in  the  Euclid  blue- 
stone  flagging  in  Cleveland  result  from  the  weathering  of  the  con- 
cretions containing  Pyrite  or  Marcasite.  Large  quantities  of  mas- 
sive mineral  are  mined  at  Rio  Tinto  and  other  places  in  southern 
Spain  and  Portugal;  Rowe,  Mass.;  Kokomo,  Colo.     Fine  crystals 
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are   obtained    at  Traversella,   Piedmont,  Italy;  Island  of  Elba; 
Gilpin  Co.,  Colo.;  Leadville,  Colo.,  and  French  Creek,  Pa. 

43.  SmaUUe,  CoAs^. 

44.  Chloanthitef  NiAsj. 

Isometric,  pentagonal.  ooOoo,  0,  also  ooOoo  with  ooO.  Hemi- 
hedral  forms  do  not  occur,  but  symmetry  is  shown  by  etching. 
Penetration  twins :  0  with  202  as  composition  face,  which  is  normal 
to  0.  Often  in  complex  distorted  forms.  Massive  and  in  imitative 
shapes.  Cleavage:  O,  distinct.  Fracture  granular  and  uneven. 
Brittle.  H.  =  5.5-6.  G.  =  6.^^-6.6.  Luster  metallic.  Color  tin- 
white,  incUning  when  massive  to  steel-gray.  Comp.,  Smaltite,  which 
is  also  called  Speisscobalt,  Co  28.2,  As  71.8;  Chloanthite,  Ni  28.1, 
As  71.9.  The  two  species  grade  into  each  other  and  are  not  dis- 
tinguishable physically.  Decomposition  sometimes  gives  a  clue,  as 
the  cobalt  mineral  is  covered  by  a  peach-pink  coating  of  cobalt 
bloom,  or  Erythrite,  Co3( As04)8 -f  7H2O.  The  Chloanthite  will  give 
a  green  coating  of  nickel  bloom,  or  Annabergite,  Ni8(As04)8+7H20. 
They  usually  occur  in  veins  with  ores  of  silver  and  copper,  as  well 
afi  other  cobalt  and  nickel  ores.  They  are  found  in  the  Erzgebirge; 
Cornwall;  Tunaberg,  Sweden;  Mine  La  Motte,  Mo.,  and  Chloanthite 
at  Franklin  Furnace,  N.  J.  Smaltite  is  the  most  important  cobalt 
ore. 

45.  CobaUite,  CoAsS. 
Isometric,  pentagonal.  Commonly  in  cubes  or  pyritohedrons, 
or  combinations  of  the  two,  wjth  faces  striated  as  in  Pyrite.  Also 
lamellar,  massive  granular  to  compact.  Cleavage:  ooOoo,  rather 
perfect.  Fracture  uneven.  Brittle.  H.  =  5.5.  G.  =  6-6.3.  Luster 
metallic.  Color  silver-white  to  steel-gray.  Streak  grayish  black. 
Comp.,  Co  35.5,  As  45.2,  S  19.3.  It  sometimes  contains  iron,  even 
up  to  28%.  It  is  a  rare  ore,  occurring  at  Tunaberg  and  elsewhere 
in  Sweden;  Modum  and  Skutterud  in  Norway;  massive  at  Siegen, 
WestphaUa,  Germany,  and  in  Cornwall,  England. 

46.    OersdorffUe,  NiAsS. 
Isometric,  pentagonal.    In  00  0  00 ,  O,  00  On,  but  no  hemihedral 
forms.     Also  lamellar  and  massive  granular.    Cleavage:   ooOoo, 
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rather  perfect.  H.  =  5.5.  G.  =  5.6-6.2.  Luster  metallic.  Color 
silver-white  to  steel-gray.  Streak  grayish  black.  Cotnp.,  Ni  35.4, 
As  45.3,  S  19.3.  Iron  replaces  nickel  up  to  15%,  and  cobalt  Up 
to  14%.  It  occurs  in  Sweden,  Harz,  and  at  the  Cragmuir  mine. 
Loch  Fyne,  Scotland,  in  ore  veins.     It  is  worked  for  nickel. 

47.     Ullmannite,  NiSbS. 

Isometric,  pehtagonal.  ooOoc,  ooO,  O,  but  hemihedrons  have 
been  observed  on  the  same  combination.  Also  massive  granular. 
Cleavage:  qoOoo,  perfect.  H.  =  5-5.5.  G.  =  6.2-6.7.  Luster, 
metallic.  Color  steel-gray,  inclining  to  silver-white.  Streak 
grayish  black.  Comp.,  Ni  27.8,  Sb  57.0,  S  15.2,  with  arsenic 
present  up  to  5%.  It  is  a  rare  mineral,  and  occurs  in  veins  at 
Siegen,  Westphalia;  in  the  Harz  at  Harzgerode;  Lolling  in 
Carinthia,  and  in  Sardinia. 

48.  Sperrylile,  PtAsj. 

Isometric,  pentagonal.  In  ooOoo,  or  ooOoo,  0,  but  etching 
shows  hemihedral  symmetry.  H.  =  6-7.  G.  =  10.6.  Luster  me- 
tallic, brilliant.  Color  tin-white.  Streak  black.  Comp.,  Pt  56.5, 
As  43.5.  Occurs  in  pockets  in  auriferous  Quartz  with  Pyrite, 
Chalcopyrite,  and  Cassiterit^  at  the  Vermillion  mine,  22  miles  west 
of  Sudbury,  Ontaria,  Canada.  It  was  first  hoped  that  it  would  be 
a  valuable  source  of  platinum,  but  it  was  not  found  in  sufficient 
amounts,  in  fact  only  in  minute  quantities. 

49.  Marcaslie,  FeSj. 

Orthorhombic.  Crystals  commonly  tabular,  boimded  by  OP, 
00  P,  Po6,  sometimes  with  ^Pob  and  P.  Base  and  brachydomes 
are  striated  parallel  to  the  a  axis  due  to  combinations  between 
them.  Twins:  (1)  ooP  as  twinning  plane;  sometimes  simple,  but 
oftener  as  repeated  twins  which  are  polysynthetic  or  cyclic.  The 
former  is  called  ** cockscomb  pyrites''  because  of  the  resemblance 
of  the  different  individuals  to  the  comb  of  a  fowl.  The  number 
of  different  sets  of  striations  will  give  the  number  of  individuals. 
The  cycUc  twins  are  known  as  "spear  pyrites"  on  accoimt  of  their 
spearhead-like  character,  and  sometimes  consist  of  five  individuals 
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completing  the  circle,  but  oftener  there  is  an  indefinite  numbel*, 
and  the  revolution  is  not  completed.  Here  also  the  striations  help 
us  to  tell  the  number  of  crystals  and  the  proper  directions.  (2) 
Twinning  plane  P  <5b ,  not  common,  in  which  the  two  individuals  cross 
at  angles  of  about  60®.  In  stalactites  with  radiating  internal  struc- 
ture; also  globular,  renifonn  and  other  imitative  shapes.  Cleavage: 
00  P,  rather  distinct.  Fracture  uneven.  Brittle.  H.  =  6-6.5.  G. 
=  4.85-4.90.  Luster  metallic.  Color  pale  bronze-yellow,  deepen- 
ing on  exposure.  Streak  grayish  or  brownish  black.  Comp.,  like 
Pyrite,  Fe  46.6,  S  53.4,  sometimes  with  a  little  arsenic.  It  is  said 
to  decompose  more  rapidly  than  Pyrite.  Spear  Pjoites  occur  in 
clays  as  concretions  at  Altsattell,  near  Carlsbad,  Bohemia,  Austria, 
and  at  Folkstone,  England.  At  the  former  locality  it  is  mined  for 
sulphur  and  ferrous  sulphate.  Cockscomb  Pyrites  occur  in  veins 
with  Galena  and  Fluorite  in  Derbyshire,  dnd  in  clay  at  Folkstone, 
England;  Marcasite  is  found  as  stalactites  with  Galena  and  Sphal- 
erite at  Galena,  111.,  and  as  crystals  on  Galena  or  Sphalerite  at 
Joplin,  Mo.,  and  elsewhere  in  the  Mississippi  valley.  Limonite  and 
Pyrite  occur  as  pseudomorphs  after  Marcasite.  The  decomposition 
of  Pyrite  and  Marcasite  affects  the  durability  of  sandstones  and  other 
building-stones,  and  to  them  are  due  the  white  stains  on  buildings, 
especially  after  the  close  of  their  first  winter.  It  is  ferrous  sulphate, 
and  it  is  said  that  the  sulphur  should  be  tested  for  in  building 
stones,  and  should  not  exceed  one  per  cent. 

50.    ArsenopyrUe,  FeAsS. 

Orthorhombic.  Short  prismatic  bounded  by  ooP,  JPo6,  and 
sometimes  Poo;  again  long  prismatic  with  the  same  forms.  Brachy- 
domes  striated  parallel  to  the  a  axis.  Twins:  (1)  Poo,  commonest 
as  penetrations;  (2)  ooP,  as  contact  and  penetrations,  sometimes 
cyclic  like  Marcasite.  Also  columnar,  straight  or  divergent; 
granular  or  compact.  Cleavage:  ooP,  rather  distinct.  Fracture 
uneven.  Brittle.  H.  =  5.5-6.  G.  =  5.9-6.2.  Luster  metallic 
Color  silver-white,  inclining  to  steel-gray.  Streak  dark  grayish 
black.  Comp.,  Fe  34.3,  As  46.0,  S  19.7.  Some  varieties  have 
considerable  cobalt  and  are  called  Danaite,  which  graduates  toward 
Glaucodot.     It  may  also  contain  nickel.     Analyses  of  Danaite  from 
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Franconia,  N.  H.,  give  Fe  32.94,  As  41.44,  S  17.84,  Co  6.45.  An- 
other from  Skutterud,  Norway,  gave  Fe  26.36,  As  46.76,  S  17.34, 
Co  9.01,  Arsenopyrite  occurs  in  veins  with  the  ores  of  silver,  lead, 
and  tin.  It  Ls  found  at  St.  Andreasberg  in  the  Harz;  at  Freiberg 
in  the  Erzgebirge;  Tunaberg,  Sweden;  Franconia,  N.  H.;  at  Deloro, 
Hastings  Co.,  Ontario,  it  is  auriferous  in  Quartz  veins  and  is  mined 
for  the  gold. 

51.    LoUingite,  FeAs,. 

Orthorhombic.  Commonly  ooP,  Pdo,  and  sometimes  P*. 
Twins:  Poo,  crossing  at  angles  of  about  60®.  Cleavage:  OP, 
sometimes  distinct.  H.  =  5-5.5.  G.  =  7.0-7.4.  Luster  metallic. 
Color  silver-white  to  steel-gray.  Streak  grayish  black.  Comp., 
Fe  27.2,  As  72.8,  with  sulphur  approaching  Arsenopyrite,  and 
cobalt  graduating  toward  Safflorite.  Bismuth  and  antimony 
are  sometimes  present.  It  occurs  with  Siderite,  Bismuth,  and 
Chloanthite  at  Lolling  in  Carinthia,  Austria;  in  Quartz  at  Geyer, 
Saxony,  Erzgebirge;  Andreasberg,  Harz;  Roxbury,  Conn.;  Brush 
Creek,  Gunnison  Co.,  Colorado. 

52.     Sylvanite,  (Au,Ag)Te,. 

Monoclinic.  Many  forms  bounded  usually  by  the  three  pina- 
coids,  a  series  of  ortho-  and  clinodomes  with  prisms  and  pyramids. 
Twins:  —Poo,  as  contact,  penetration,  and  sometimes  polysyn- 
thetic.  Skeleton  forms  common.  Also  bladed  and  imperfectly 
columnar  to  granular.  Cleavage:  ooPoo,  perfect.  H.  =  1.5-2. 
G.  =  7.9-8.3.  Luster  metallic,  brilUant.  Color  and  streak  pure 
steel-gray  to  silver- white,  inclining  to  yellow.  Comp.,  Au:Ag= 
1 : 1,  Au  24.5,  Ag  13.4,  Te  62.1.  Found  with  gold  m  veins  at  Offen- 
banya  and  Nagyag  in  Transylvania,  whence  the  name  Sylvanite; 
also  at  the  Red  Cloud,  Grand  View,  and  Smuggler  mines,  Boulder 
Co.,  Colorado. 

53.     Calaveritey  AuTOj. 

It  has  the  same  general  properties  as  Sylvanite,  and  probably 
crystalhzes  in  the  same  forms.  The  crystals  occur  rarely,  and  are 
striated,  so  that  it  is  difficult  to  measure  angles  accurately.  Crystals 
arc  prismatic.  Also  massive.  Brittle.  H.  =  3.  G.  =  9.04.  Color 
pale  brass-yellow,  nearly  silver-white,  and  may  be  mistaken  for 
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Pyrite.  It  is  the  chief  gold  ore  of  the  Cripple  Creek  district  in  Colo- 
rado, occurring  there  in  fissure  veins  in  connection  with  Phonolite 
and  Nepheline  Basalt  dikes  which  break  through  Granite,  and 
Andesite  breccia.  The  mineral  is  found  in  Quartz,  or  a  mixture  of 
Quartz  and  purple  Fluorite,  and  at  times  impregnates  the  dikes 
and  the  country  rock.  In  1899  Colorado  produced  $26,000,000 
worth  of  gold,  over  half  of  which  was  obtained  in  the  Cripple 
Creek  region.  An  analysis  gave  Au  41.8,  Te  57.3,  Ag  0.9.  Cala- 
verite  with  about  3%  Ag  is  found  with  Petzite  at  the  Stanislaus 
mine,  Calaveras  Co.,  California,  and  at  the  Red  Cloud  mine,  Boulder 
Co.,  Colorado. 

III.    SULPHO-SALTS. 
I.  Sulpharsenites,  Sulphantimonites,  Sulphobismuthites. 

II.  Sulpharsenates,  Sulphantimonates. 

The  species  included  under  these  heads  are  chiefly  salts  of  the 
sulpho-acids  of  trivalent  arsenic,  antimony,  and  bismuth.  The 
most  important  ones  are  the  ortho-acids  HgAsSj,  and  the  meta-acids 
HjAsS,,  but  a  few  such  as  H4AS2S5  and  others  are  included.  The 
sulpharsenates  are  a  smaller  group,  and  are  salts  of  HjAsS4:  The 
metals  present  are  chiefly  copper,  silver,  and  lead;  also  iron,  zinc, 
and  mercury,  with  cobalt  and  nickel  in  small  amounts. 

54.  Miargyrite,  AgSbS2. 

Monoclinic.  Three  pinacoids,  negative  pyramids,  and  ortho- 
dome.  Also  massive.  Cleavage:  00 Poo,  in  traces.  Brittle.  H.  =  2- 
2.5.  G.  =  5.1-5.3.  Luster  metallic-adamantine.  Color  iron-black 
to  steel-gray,  in  thin  splinters  deep  blood-red.  Streak  cherry-red. 
Nearly  opaque.  Comp.,  Ag  36.9,  Sb  41.2,  S  21.9.  Occurs  in  veins 
with  other  silver  ores  at  Braunsdorf,  near  Freiberg,  and  Clausthal, 
Harz,  in  Germany;  Pribram,  Bohemia;  Spain,  Mexico,  and  Chile. 

Pyrargyrite  Group.     Hexagonal  Rhombohedral.    Hemimor- 
phic.    isomorphous. 

55.  Pyrargyrite,  Ag^bSj. 
66.  Proustite,       A&AsS,. 

55.  Pyrargyrite^  AgjSbSj. 

Hexagonal,  rhombohedral,  hemimorphic.  Over  90  forms  ob- 
served.   Most  commonly  prismatic,  boimded  by  oc  P  2,  rarely  «  P 
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and  R,  with  sometimes  —  JR  and  the  scalenohedrons  R*,  JR*. 
When  00  P  occurs  it  has  but  three  faces,  since  it  is  hemimorphic. 
Twins:  (1)  ooP2,  very  common  with  vertical  axes  parallel,  and  OP 
as  composition  face.  (2)  ^R,  also  common,  composition  face  per- 
pendicular to  JR,  with  the  two  axes  inclined  at  25°  40';  also 
cyclic  twins.  (3)  R,  not  common,  contact.  Cleavage:  R,  distinct. 
Fracture  conchoidal  to  uneven.  Brittle.  H.  =  2.5.  G.  =  5.77-5.86. 
Luster  metallic-adamantine.  Color  black  to  grayish  black,  by 
transmitted  light  deep  red.  ^trcak  purple-red.  Nearly  opaque, 
but  transparent  in  very  thin  splinters.  Double  refraction  is  very 
strong,  6^=3.084,  £=2.881.  Comp.,  Ag  59.9,  Sb  22.3,  S  17.8,  with 
small  amounts  of  arsenic  graduating  toward  Proustite.  It  occurs 
with  ores  of  silver  and  lead  in  veins,  as  at  St.  Andreasberg,  Harz, 
with  Calcite,  Arsenic,  and  Galena;  Freiberg,  Saxony,  with  Proust- 
ite, Argentite,  Galena,  etc.;  Kongsberg,  Norway,  with  Silver;  at 
Guanajuato,  Mexico,  it  is  worked  as  a  silver  ore;  in  Chile  it  is 
found  with  Proustite;  at  Gold  Hill,  near  Silver  City,  and  Kingston, 
Sierra  Co.,  New  Mexico,  with  Silver  and  Argentine;  at  Poorman 
lode,  Idaho,  in  masses  of  several  hundred  pounds;  in  several 
places  in  Colorado,  as  in  Ruby  district,  Gunnison  Co.,  and  Sneffle's 
district,  Ouray  Co.  It  alters  to  Argentite  and  Silver,  which  are 
found  as  pseudomorphs. 

56.  Proustite,  AgjAsS,. 
Hexagonal,  rhombohedral,  hemimorphic.  Forms  much  less 
numerous  than  in  Pyrargyrite.  Crystals  have  a  more  scalenohedral 
or  acute  rhombohedral  habit  than  the  previous  mineral;  bounded 
by  00 P,  R*  most  frequently,  with  —{R  at  times.  Twins:  (1)  ^R, 
common,  sometimes  polysynthetic.  (2)  R,  also  common.  Also 
massive,  compact.  Cleavage:  R,  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  2-2.5.  G.  =  5.57-5.64.  Luster  adamantine. 
Color  scarlet- vermilion ;  streak  same,  also  inclined  to  aurora-red. 
Transparent  to  translucent.  Comp.,  Ag  65.4,  As  15.2,  S  19.4,  with 
some  antimony,  since  it  is  completely  isomorphous  with  Pyrargj*^- 
rite.  Both  are  known  to  the  miners  as  *^  ruby  silver.''  The  color 
is  not  a  safe  means  of  distinction,  which  can  only  be  surely  done  by 
a  chemical  test.  It  occurs  at  Freiberg  and  elsewhere  in  the  Erz- 
gebirge  similar  t«  Pyrargyrite;  in  the  Chanarcillo  district  of  Chile 
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in  beautiful  crystals  and  large  masses;  also  in  Peru  and  Mexico, 
where  it  is  mined  as  an  ore;  at  the  Yankee  Girl  mine,  Ouray  Co., 
California  mine  near  Montezuma,  Summit  Co.,  and  elsewhere  in 
Colorado,  and  at  Poorman  lode  in  Idaho. 

57.  Tetrahedriie,  CUsSbjS,. 

58.  TennaiUite,  CugAsjSy. 

Isometric,  tetrahedral.      Habit  tetrahedral.      Common  types 

O       202         ^     O      202        ^    .        ,..^  .    w    • 

are  — /c,  -o-/^,  ocO;  — /c,  —^^'    Twms:  (1)  O  as  contact-twms, 

with  the  composition  face  either  parallel  or  perpendicular  to  O, 
and  penetration-twins  both  common,  often  re|x?ated.  (2)  ooOoo, 
supplementary  with  axes  parallel,  not  common.  Crystals  some- 
times in  parallel  position  on  Chaleopyrite  and  Sphalerite.  Also 
massive,  granular,  coarse  or  fine,  compact.  Cleavage  none. 
Fracture  subeonehoidal  to  uneven.  Rather  brittle.  H.  =  3-4.5. 
(J.  =  4.4-5.1.  Luster  metallic,  often  splendent.  Color  between 
flint-gray  and  iron-black.  Streak  like  color,  sometimes  inclining 
to  brown  and  cherry-red.  Opatjue,  sometimes  subtranslucent 
with  cherry-red  color  in  very  thin  splinters.  Comp.,  for  Tetra- 
hcdrite,  Cu  52.1,  Sb  24.8,  S  23.1;  for  Tennantite,  Cu  57.5, 
As  17.0,  S  25.5.  Both  minerals  are  completely  isomorphous, 
and  grade  into  each  other  so  that  no  sharp  line  can  be  drawn 
between  them.  Tetrahedrite  generally  contains  arsenic,  while  the 
other  contains  antimony.  Some  varieties,  chiefly  in  the  arsenical 
series,  contain  bismuth  up  to  13%.  The  copper  is  replaced  by 
iron,  zinc,  silver,  mercury,  lead,  rarely  cobalt  and  nickel,  and  in 
traces  possibly  tin  and  platinum.  These  minerals  are  called  **gray 
copper"  by  the  miners,  Tetrahedrite  being  more  common.  The 
argentiferous  Tetrahedrite  is  called  Freibergite,  and  contains  up  to 
31%  silver;  the  mercurial  variety,  Schwatzite,  yields  as  high  as 
17%  mercury.  These  minerals  occur  in  ore  veins  with  silver,  lead, 
and  copper  ores.  Tetrahedrite  is  found  in  considerable  quantities 
at  Clausthal  and  St.  Andreasberg  in  the  Harz;  Freiberg  in  Saxony; 
DiUenberg  and  Horhaiisen,  Nassau;  Pribram,  Bohemia;  Schwatz, 
Tyrol;  Chile,  Peru,  Mexico;  in  Colorado  at  Central  City,  Gilpin  Co. ; 
also  in  San  Juan  Co.,  near  Silverton,  at  the  North  Star  mine,  where 


422  GENERAL  AND  SPECIAL  MINERALOGY 

the  ore  runs  up  to  high  values  on  account  of  the  silver  contained 
in  the  mineral;  it  occurs  with  Pyrargyrite  in  the  Ruby  district, 
Gunnison  Co. ;  in  Nevada,  massive  and  rich  in  silver  at  the  Sheba 
and  De  Soto  mines,  Humboldt  Co.;  and  in  the  Reese  River  district. 
Tennantite  has  been  found  in  Cornwall,  at  Freiberg;  Falun,  Sweden; 
Skuttenid,  Norway ;  Capelton,  Quebec.  They  alter  to  Chalcopyrite, 
Malachite,  Azurite,  and  Cinnabar,  which  occur  as  pseudomorphs. 

59.  Stephanite,  AggSbS^. 

Orthorhombic,  hemimorphic.  Has  pseudohexagonal  appearance 
in  simple  crystals  as  well  as  in  twins  because  the  prism  has  angles 
of  115®  39',  and  the  necessary  faces  occur  to  keep  up  the  appear- 
ance. Crystals  short  prismatic  or  tabular  after  OP;  at  times 
elongated  in  the  direction  of  the  a  axis.  ooP,  ooPd6,  OP,  pyra- 
mids, and  brachy domes.  Twins:  (1)  ooP  repeated  producing  pseu- 
dohexagonal forms.  (2)  ooP3.  Also  massive,  compact,  and  dis- 
seminated. Cleavage:  ooPo6,  2P66,  imperfect.  Fracture  subcon- 
choidal  to  uneven.  Brittle.  H.  =  2-2.5.  G.  =  6.2-6.3.  Luster 
metallic.  Color  and  streak  iron-black.  Comp.;  Ag  68.5,  Sb  15.2, 
S  16.3.  It  is  called  **  brittle  silver ''  by  miners.  It  occurs  in  veins 
with  other  silver  ores  at  Freiberg  and  elsewhere  in  the  Erzgebirge; 
Pribram,  Bohemia;  St.  Andreasberg  in  the  Harz;  Kongsberg, 
Norway;  Cornwall,  England;  Zacatecas  and  Guanajuato,  Mexico; 
in  Peru  and  Chile;  in  Nevada  is  an  abundant  ore  in  the  Corn- 
stock  lode,  and  in  the  Reese  River  district.    It  alters  to  silver. 

60.  Polybasite,  Agj^bS.. 

Orthorhombic.  In  short,  six-sided  tabular  prisms  with  beveled 
edges  bounded  by  OP,  ooP  with  119°  50',  pyramids,  and  brachy- 
domes.  Twins:  ooP, repeated.  Cleavage:  OP,  imperfect.  H.  =  2-3. 
G.  =  6.0-6.2.  Luster  metallic.  Color  iron-black,  in  thin  splinters 
cherry-red.  Streak  black.  Nearly  opaque.  Comp.,  Ag  75.6,  Sb 
9.4,  S  15.0,  with  arsenic  replacing  antimony  up  to  6%,  and  copper 
as  high  as  10%  in  place  of  silver.  In  veins  at  Freiberg  and  Pri- 
bram; at  Guanajuato,  Durango,  and  elsewhere  in  Mexico;  Chile; 
Reese  River  and  Comstock  lode  in  Nevada;  Arizona,  at  Silver  Eang 
mine,  and  at  the  Terrible  lode.  Clear  Creek  Co.,  Colorado,  with 
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argentiferous   Galena  and   Pyrite.     It  alters   to   Stephanite   and 
Pyrite  and  is  a  valuable  ore  of  silver,  although  rare. 

Enajiqite  Group.    Orthorhombic.     Isomorphous. 

61.  Enargite,        Ou,AfiS4. 

62.  Famatinite,    CujSbS*. 

61.    Enargite,  CU8ASS4. 

Orthorhombic.  Crystals  bounded  by  three  pinacoids,  prism, 
and  pyramids,  macro-  and  brachydomes.  Twins:  00 P|.  Crystals 
usually  small.  Prisms  striated  vertically,  also  base  parallel  to  the 
6  axis.  Massive  granular  or  colunmar.  Cleavage:  00 P,  perfect,  with 
indications  more  or  less  distinct  after  the  three  pinacoids.  Frac- 
ture uneven.  Brittle.  H.  =  3.  G.  =  4.43-4.45.  Luster  metallic. 
Color  grayish  black  to  iron-black,  tarnishing  sUghtly  with  Covellite. 
Streak  grayish  black.  Opaque.  Comp.,  Cu  48.3,  As  19.1,  S  32.6, 
with  some  iron,  also  antimony,  and  so  graduating  toward  Fama- 
tinite. It  occurs  at  Morococha  in  the  Peruvian  Andes  in  large 
masses  withTennannite;  in  several  mines  in  Chile;  different  localities 
in  the  Sierra  de  Famatina,  Argentina;  at  Red  Mountain  in  Ouray 
and  San  Juan  counties,  Colorado,  and  at  other  mines  near  Black 
Hawk,  and  Central  City,  Gilpin  Co.,  in  the  same  state;  in  consider- 
able quantities  in  the  Tintic  district,  Utah,  where  it  weathers  to  a 
number  of  interesting  copper  arsenates ;  and  at  Butte,  Montana. 

62.  Famatinite,  Cu8SbS4. 

Orthorhombic.  OP,  00 Poo,  00 P,  qoP3.  Also  massive,  sometimes 
reniform.  Fracture  uneven.  Rather  brittle.  H.  =  3.5.  G.  =  4.57. 
Color  gray  with  a  tinge  of  copper-red.  Comp.,  Cu  43.3,  Sb  27.4, 
S  29.3,  with  arsenic  replacing  the  antimony  up  to  9%  and  approach- 
ing Enargite;  also  some  iron  and  zinc.  It  is  a  rare  mineral  and 
occurs  with  Enargite,  Chalcopyrite,  and  Fyrite  in  the  Sierra  de 
Famatina,  Argentina;  also  found  in  the  Cerro  de  Pasca,  Peru. 

63.  Argyrodite,  AggGeSg. 

Monoclinic.  qoP,  —  fPf,  Pc»,  ^Pdo,  Poo,  6Pob.  Crystals,  small 
and  indistinct.    Twins:   6Pob,  geniculat^d,  also  as  trillings.    Also 
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in  rounded  forms  and  compact  massive.  Somewhat  brittle.  H.= 
2.5.  G.  =  6.08-6.11.  Luster  metallic.  CJolor  steel-gray  on  a  fresh 
fracture,  with  a  tinge  of  violet-red.  Streak  grayish  black,  shining. 
Comp.,  Ag  73.5,  Ge  8.3,  S  18.2.  The  mineral  is  interesting  because 
it  is  the  one  in  which  the  rare  element,  germanium,  was  discovered 
at  Freiberg  in  1886  by  Winkler,  and  is  also  the  only  one  in  which 
the  element  occurs  in  any  amount.  It  is  found  at  the  Himmek- 
fiirst  mine,  Freiberg,  in  small  quantities  with  other  silver  ores, 
such  as  Argentite,  Pyrargyrite,  Polybasite,  Stephanite,  associated 
with  Pyrite,  Sphalerite,  Galena,  Siderite,  Marcasite,  and  Chalco- 
pyrite. 

IV.     HALOIDS. 

I.  Anhydrous  Chlorides,  Bromides,  Iodides,  Fluorides. 
II.  Oxy chlorides,  Oxyfluorides. 
III.  Hydrous  Chlorides,  Hydrous  Fluorides. 

64.    Calomd,  HgCl. 

Tetragonal.  In  numerous  combinations,  pyramidal  and  pris- 
matic. Twins:  Poo,  contact  and  penetration.  Cleavage:  xPoo, 
rather  distinct.  Sectile.  H.  =  l-2.  G.  =  6.48.  Luster  adamantine. 
Color  white,  grayish,  yellowish  white,  and  brown.  Streak  pale 
yellowish  white.  Translucent  to  subtranslucent.  It  accompanies 
Cinnabar  at  the  different  localities.    Comp.,  Hg  84.9,  CI  15.1. 

65.     Halite,  NaO. 

Isometric.  Forms  observed  are  xOoo,  0,  cjoO,  x02,  30f. 
Usually  occurs  in  cubes,  sometimes  octahedrons,  which  are  dis- 
torted. Crystals  show  hollow  faces  as  in  the  hopper-shaped  cubes, 
also  octahedrons  show  cavernous  depressions.  Also  massive,  gran- 
ular to  compact;  less  often  columnar.  Cleavage:  ooOoo,  perfect. 
GUding  plane  oo  O.  Gives  a  percussion  figure  on  the  cube  face  with 
rays  in  the  diagonal  directions  which  are  the  positions  of  ooO. 
Rather  brittle.  H.  =  2-2.5.  G.  =  2.1-2.6;  when  pure,  2.135. 
Luster  vitreous.  Colorless  or  white,  also  yellow,  red,  and  blue. 
Red  colors  are  generally  due  to  Hematite,  which  is  sometimes  in- 
cluded as  scales.  Blue  colors  are  evidently  due  to  organic  substances, 
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probably  hydrocarbons,  as  the  coloring  matter  is  volatile  on  heat- 
ing. Transparent  to  translucent.  Soluble;  taste  saline.  Comp., 
Na  60.6,  a  39.4,  commonly  mixed  with  CaSO^,  CaQ,,  MgClj,  and 
sometimes  MgSO^,  which  render  it  hable  to  deUquesce.  Salt  is 
foimd  in  the  waters  of  rivers,  which  receive  it  from  the  surrounding 
rocks.  It  becomes  concentrated  in  the  waters  of  the  ocean,  and  in 
lakes  with  no  outlets,  which  are  known  as  salt  lakes.  The  following 
table  of  analyses  gives  the  percentage  of  solid  matter,  with  its 
composition,  which  is  found  in  sea  water  and  three  salt  lakes. 

I.  n.        m.        IV. 

Sdid  Matter 3.53  0.63  20.00  24.43 

NaGL 76.49  58.63  79.11  28.81 

KCL 10.20  10.00        4.44 

Mge04 6.61  19.68        

CaO, 13.65 

CaSO* 3.97  7.77  0.57        

QfcCO,+MgOO, 0.08  3.07        

MgCa, 9.75  49.75 

Na^4 6.22        

K,P04 3.58        

Mg(Br,I), 0.06        1.81 

I.  Average  composition  of  dissolved  matter  in  sea  water. 
n.        "  "  "        "  "      "waters  of  Caspian  Sea. 

m.        "  "  "        '*  "      "      "      "Great  Salt  Lake. 

IV.        "  "  "        *'  "      "      "      "Dead  Sea. 

The  above  results  are  only  fairly  accurate,  and  were  taken  from 
waters  having  a  certain  density,  in  IV,  1.212,  since  it  varies  with 
seasons  and  rainfall.  As  can  be  seen,  the  Caspian  is  not  so  saline 
as  the  ocean,  which  is  due  to  the  immense  volume  of  water  which 
its  rivers  empty  into  it.  In  certain  seasons  precipitation  takes 
place  more  than  in  others  when  evaporation  is  less  and  influx  of 
waters  is  greater.  Gypsrnn  always  separates  when  the  water  has 
a  density  of  1.033  and  Salt  at  1.20.  Prevailing  winds  and  currents 
carry  much  water  into  a  shallow  bay  known  as  Karabugas,  on  the 
eastern  shore  of  the  Caspian,  where  it  evaporates.  Here  the  solids 
reach  28.5%,  and  salt  is  continually  precipitating.  It  is  estimated 
that  this  bay  obtains  400,000  tons  of  salt  annually  from  the  Caspian. 
Elton  lake  in  southeastern  Russia  is  another  salt-water  body  with 
29%  of  solids,  mostly  MgCl,,  with  NaQ,  MgSO^,  and  KG.    The 
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water  has  a  density  of  1.22-1.7,  and  deposition  ceases  only  with 
the  snow-melting  period  and  the  spring  freshets.  It  deposits  from 
75,000  to  100,000  tons  of  salt  yeariy  on  the  shores  and  bottom.  The 
Mediterranean  is  saltier  than  the  ocean,  and  the  salinity  increases 
with  the  depth  from  4  to  17%.  The  order  of  deposition  of  dissolved 
solids  in  water,  beginning  with  the  least  soluble,  is  FeCO,,  CaCOa, 
CaS0,-f2H,0,  NaCl,  Na^SO.  +  lOH^O,  K^SO^,  MgS04+7H,0,  KCl, 
MgClj  +  eHjO,  CaO^  +  GHjO.  Salt  is  always  found  in  the  sedimen- 
tary rocks  of  the  earth,  and  has  resulted  from  the  evaporation  of 
inland  seas,  lakes  or  lagoons  alongshore.  In  Germany  it  is  found 
at  Stassfurt  1500  feet  thick,  and  at  Sperenberg  with  a  thickness  of 
4000  feet  in  Permian  rocks,  while  in  South  Germany  it  is  found  in 
rocks  of  Triassic  age;  the  occurrence  in  the  Alps  is  similar  to  the 
previous  deposit.  It  is  found  in  large  masses  of  Tertiary  age  at 
Wieliczka,  Poland,  while  in  Spain  in  the  Cardona  valley  it  occurs 
in  hills  300  to  400  feet  high  of  Cretaceous  origin.  From  Syracuse, 
N.  Y.,  westward  through  Batavia,  into  Ontario,  and  along  the 
south  shore  of  Lake  Erie,  there  is  a  belt  of  Silurian  rocks  known 
as  the  Salina,  which  contains  large  amounts  of  salt  that  is  extracted 
by  leaching  with  water  which  is  pumped  out  and  evaporated.  At 
Cleveland,  salt  rocks  are  about  2300  feet  below  the  surface.  Salt  is 
also  obtained  in  Carboniferous  rocks  along  the  Detroit  River;  from 
Permian  rocks  in  Kansas  and  Texas ;  and  in  the  Louisiana  Tertiary, 
where  beds  several  hundred  feet  thick  have  been  foimd.  It  is  an 
interesting  question  how  such  thick  masses  can  be  obtained,  be- 
cause if  the  Mediterranean  were  evaporated  it  would  yield  but 
100  feet  of  salt,  and  would  have  to  be  evaporated  fifteen  times  to 
get  the  thickness  of  the  Stassfurt  deposits;  while  the  drying  up  of 
the  Atlantic  would  give  but  300  feet.  The  necessary  conditions 
are:  (1)  a  continuous  source  of  salt  water  where  evaporation  exceeds 
the  influx;  (2)  a  slowly  sinking  bottom,  so  that  the  water  is  not 
filled  up  by  the  salts  deposited.  All  large  deposits  have  originated 
in  this  manner.  The  deposits  at  Stassfurt.,  Prussia,  which  though 
worked  through  1500  feet  of  salt  are  much  deeper,  are  interesting 
not  only  because  of  their  depth,  but  also  because  they  are  practi- 
cally the  only  ones  in  the  world  where  the  more  soluble  salts  have 
been  deposited  or  preserved.  It  is  rare  that  the  water  becomes 
concentrated  enough  to  deposit  them,  and  then,  again,  if  they  were 


432  GENERAL  AND  SPECIAL  MINERALOGY 

precipitated  they  would,  except  under  certain  conditions,  be  dis- 
solved by  percolating  waters.  At  Stassfurt  these  salts  are  about 
500  feet  thick,  and  are  protected  by  impervious  clays.  It  is  said 
that  the  Halite  pays  the  expenses,  and  the  profit  is  derived  from 
the  other  salts.  They  are  used  for  making  fertilizers  and  the  pro- 
duction of  Bromine  and  Iodine.  The  profile  of  one  of  the  mines  is 
as  follows:  (1)  HaUte,  240  meters  as  far  as  explored,  consisting 
of  95%  HaUte,  5%  Anhydrite,  CaSO^;  (2)  Polyhalite  zone,  62 
metere;  91%  Halite,  7%  Polyhalite,  2CaS04.MgS04.K2S04  +  2H20, 
with  Anhydrite  and  Bischofite,  MgCl^;  (3)  Kieserite  zone,  56 
meters;  65%  Halite,  17%  Kieserite,  MgS04  +  2H20, 13%  Carnallite, 
KCl.MgCl2  +  6HjO,  5%  Bischofite  and  Anhydrite;  (4)  Carnallite 
zone,  42  meters;  25%  Halite,  55%  Carnallite,  16%  Kieserite  with 
Sylvite,  KCl,  and  Kainite,  MgS04.KCl+2H20.  Above  these  to- 
ward the  surface  follow  clays.  Anhydrite,  Gypsum,  Limestones  of 
Permian  age,  capped  in  places  by  Triassic  sandstones. 

66.    Sylvite,  KCl. 

Isometric,  gjnroidal.  Habit  cubical,  sometimes  with  the  octa- 
hedron. Also  in  granular  crystalline  masses,  rarely  columnar,  com- 
pact, aeavage :  oo  O oo ,  perfect.  Brittle.  H.  =  2.  G.  =  1 .97-1 .99- 
Luster  vitreous.  Colorless,  white,  sometimes  bluish  or  yellowish 
red  from  inclusions.  Transparent  when  pure.  Taste  bitter.  Comp., 
K52.4,  CI  47.6.  Etching  figures  on  ooOoo  are  asymmetrical,  which 
indicates  that  it  is  gyroidal  hemihedral.  It  occurs  with  Halite  and 
Carnallite  at  Strassfurt,  and  at  Kalusz,  Galicia,  Austria.  It  also 
occurs  about  the  fumaroles  of  Mt.  Vesuvius. 

67.    Sal-ammoniac,  NH^Cl. 

Isometric,  probably  gyroidal.  Commonly  O  or  mOm  much 
distorted.  Twins:  O.  Also  stalactitic,  and  in  globular  masses; 
in  crusts  or  as  an  efflorescence.  Cleavage:  0,  imperfect.  H.= 
1.5-2.  G.  =  1.528.  Luster  vitreous.  Color,  white,  yellow,  gray. 
Transparent  to  translucent.  Taste  pungent,  saline.  Comp.,  NH^ 
33.7,  CI  66.3.  Iron  chloride  is  sometimes  present,  giving  a  yellow 
color.  It  occurs  about  volcanoes,  as  at  Vesuvius,  Etna,  Kilauea; 
it  also  occurs  in  guano, 
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68.     CerargyrUe,  AgCl. 

Isometric.  Habit  cubical.  Twins :  O.  Usually  massive,  resemb- 
ling wax;  sometimes  columnar,  often  in  incrustations.  Cleavage, 
none.  Highly  sectile.  H.  =  1-1.6.  G.  =  5.55.  Luster  re -inous  to 
adamantine.  Color  pearl-gray,  yellowish  and  grayish  green,  becom- 
ing darker  and  finally  brown  on  exposure  to  light.  Transparent  to 
translucent.  Comp.,  Ag  75.3;  CI  24.7.  It  is  called  *'hom  silver" 
by  miners.  It  occurs  in  veins  with  other  silver  ores,  and  is  generally 
found  above  the  water  line  as  an  oxidation  product.  It  is  soluble 
in  ammonia,  and  fuses  to  a  silver  globule  on  heating.  It  is  found 
in  largest  quantities  in  the  mines  of  Chile,  Peru,  and  Mexico;  also 
at  Freiberg,  Saxony,  formerly,  but  now  rare  because  upper  levels 
are  exhausted;  Kongsberg,  Norway;  in  Colorado,  near  I^eadville 
and  Breckenridge ;  at  the  Comstock  lode,  and  about  Austin,  Lander 
Co.,  Nevada;  at  Poorman  lode,  Idaho,  with  Pyrargyrite  and 
Proustite. 

69.     Embolite,  Ag(Cl,Br). 

Isometric.  In  same  forms  as  Cerargyrite.  Usually  massive, 
sometimes  concretionary  on  surface.  Sectile.  H.  =  l-1.5.  G.= 
5.31-5.43.  Properties  same  as  Cerargyrite.  Ratio  of  chlorine  to 
bromine  varies  indefinitely,  as  it  is  an  isomorphous  mixture  of 
Cerargyrite  and  Bromyrite.  Comp.,  Ag  63-65%,  Br  24-28%,  CI 
8-11%.  It  is  abundant  in  Chile,  being  the  principal  ore  of  the 
Chanarcillo  mines,  and  the  newer  workings  in  the  province  of 
Copiapo;  also  at  EulaUa,  Chihuahua,  Mexico;  in  some  quantities 
in  Victoria  and  New  South  Wales,  Australia,  often  associated  with 
Cerussite  as  globular  coatings. 

70.     Bromyrite^  AgBr. 

Isometric.  ooOoc,  ooO,  O  have  been  observed.  Crystals  rare. 
Usually  in  small  concretions.  H.  =  2-3.  G.  =  5.8-6.  Otherwise 
properties  are  the  same  as  Cerargyrite,  with  which  it  is  completely 
isomorphic.  Comp.,  Ag  57.4,  Br  42.6.  It  occurs  with  other  silver 
ores  in  the  Plateros  district  of  Mexico;  Chanarcillo,  Chile. 
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71.    lodohromite,  2AgCl.2AgBr.AgI. 

Isometric.  In  O  with  ooOoo.  Cleavage:  0,  indistinct.  Sectile. 
Soft.  G.  =  5.713.  Luster  resinous.  Color  sulphur-yellow,  some- 
times greenish.  Comp.,  Ag  16.2,  Br  17.8, 1 14.1,  a  7.9.  It  has  only 
been  found  in  small  cavities  in  ferruginous  Quartz  at  the  '*Schone 
Aussicht"  mine,  near  Dembach,  Nassau,  Germany. 

72.    FluarUe,  CaFj. 

Isometric.  Three  habits:  (1)  cubical,  alone  or  with  ooOn,  some 
of  which  are  very  obtuse  with  the  n  very  near  infinity  in  value. 
With  this  type  mOn  sometimes  occurs,  and  rarely  the  crystals 
are  highly  complex  with  most  of  the  holohedral  forms.  (2)  Octa- 
hedral, quite  rare,  alone  or  with  ooOoo.  Pink  octahedrons  occur 
on  cracks  in  the  crystalline  schists  of  the  St.  Gotthard  region  in 
S^vitzerland.  (3)  Rhombic  dodecahedral,  alone,  and  extremely  rare. 
Twins:  0,  usually  penetrations.  Parallel  growths  frequent,  at 
times  subindividual  cubes  make  up  an  octahedron  with  rough  faces. 
Also  massive,  granular,  coarse  or  fine;  rarely  columnar;  compact. 
Cleavage:  O,  perfect.  Fracture  flat  conchoidal.  Brittle.  H.  =  4. 
G.  =  3-3.2.  Luster  vitreous,  sometimes  splendent.  Color  white, 
yellow,  green,'  rose,  brown,  and  various  blues.  The  most  common 
are  violet-blue,  greenish  blue,  and  wine-yellow.  Streak  white. 
Transparent,  subtranslucent.  Often  shows  a  bluish  fluorescence. 
Phosphoresces  when  gently  heated.  Etching  either  natural  or  arti- 
ficial produces  depressions,  usually  corresponding  to  303  or  oo03. 
Comp.,  Ca  51.1,  F  48.9.  It  is  used  for  ornaments,  manufacture  of 
hydrofluoric  acid,  and  the  etching  of  glass;  as  a  flux  in  metallurgy, 
and  for  making  physical  instruments,  especially  achromatic  lenses. 
It  is  a  common  gangue  mineral  or  veinstone,  and  occurs  with  silver 
and  lead  ores.  The  finest  si)ecimens  come  from  the  lead  veins  of 
Cumberland,  Derbyshire,  and  elsewhere  in  northern  England;  Frei- 
berg, Saxony;  St.  Gotthard  region  of  Switzerland;  Muscalonge 
Lake,  Jefferson  Co.,  and  at  Rossie  and  Macomb,  St.  Lawrence  Co., 
New  York.  At  the  latter  a  cave  was  found  lined  with  sea-green 
colored  crystals,  and  was  estimated  to  contain  15  tons;  along  the 
Ohio  River  in  Hardin  Co.,  111.,  and  Crittenden  Co.,  Kentucky,  it  is 
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mined  in  veins  with  Galena  which  occur  in  Carboniferous  lime- 
stones. 

73.     Cryolite,  NajAlF,. 

Monoclinic.  ooP,  OP,  —  Poo,  P do,  Poo.  Crystals  not  common. 
Usually  massive,  cleavable.  Twins:  OP,  as  contact  and  polysyn- 
thetic,  resembling  Plagioclase.  Cleavage:  OP,  perfect.  Fracture 
uneven.  Brittle.  H.  =  2.5.  G.  =  2.95-3.0.  Luster  vitreous  to 
greasy.  Colorless  to  snow-white,  sometimes  reddish,  brownish, 
and  black.  Transparent  to  translucent.  Comp.,  F  54.4,  Na  32.8, 
Al  12.8,  with  a  Uttle  ferric  iron  as  impurity.  It  was  the  chief  ore 
of  aluminum  until  the  discovery  of  Bauxite,  but  it  is  still  used  as 
a  bath  in  the  electric  decomposition  of  that  mineral.  It  is  found 
in  the  largest  quantity  in  veins  at  Ivigtut,  Arksukfiord,  West  Green- 
land, associated  with  Siderite,  Galena,  Chalcopyrite,  and  with  other 
minerals,  and  is  shipped  to  Denmark  and  the  United  States.  It  is 
also  found  in  small  quantity  in  veins  in  Granite  at  the  southern 
base  of  Pike's  peak,  Colorado. 

74.    Atacamile,  CuCl,.3Cu(OH)3. 

Orthorhombic.  ooP,  ooPofe,  Pc*,  P.  Commonly  in  slenderf 
prismatic  crystals  vertically  striated.  Twins:  ooP.  In  confused 
crystalline  aggregates;  massive,  fibrous  or  granular  to  compact,  as 
sand.  Cleavage:  X Poo,  highly  perfect.  Brittle.  H.  =  3-3.5.  G.= 
3.75-3.77.  Luster  adamantine  to  vitreous.  Color  bright  green  of 
various  shades  to  blackish  green.  Streak  apple-green.  Comp., 
Cu  14.9,  CuO  55.8,  CI  16.6,  HjO  12.7.  The  mineral  was  originally 
found  as  a  sand  in  the  Atacama  desert  in  northern  Chile,  and  was 
used  as  blotting  sand.  It  occurs  in  the  upper  levels  of  copper 
mines  in  Chile;  Bolivia;  Spain;  Cornwall,  England;  and  at  the 
United  Verde  mine,  Gerome,  Arizona. 

75.    Bischoftte,  MgCla+6H,0. 

Monoclinic  (artificial).  Crystalline-granular  and  foliated,  some- 
times fibrous.  H.  =  l-2.  G.  =  1.65.  Colorless  to  white.  Luster 
vitreous  to  dull.  Comp.,  Mg  11.8,  CI  35.0,  HjO  53.2.  It  occurs  in 
layers  with  Halite,  Kieserite,  and  Camallite  at  Stassfurt,  Prussia. 
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76.    CamaMite,  KCl.MgCl,+6H,0. 

Orthorhombic.  Bounded  by  pyramids  and  brachydomes,  so 
that  individuals  resemble  hexagonal  pyramids.  Crystals  rare.  H. 
=  1.  G.  =  1.60.  Luster  shining,  greasy.  Color  milk-white,  often 
reddish,  with  metallic  reflection  due  to  microscopic  inclusion  of 
Hematite  scales.  Transparent  to  translucent.  Taste  bitter.  Deli- 
quescent. Comp.,  K  14.1,  Mg  8.7,  a  38.3,  H^O  39.0.  It  occurs  at 
Stassfurt,  Prussia,  where  it  makes  up  over  50%  of  a  bed  nearly 
150  feet  thick. 

77.     TachhydrUe,  CaCl,.2MgCl2-hl2H3,0. 

Hexagonal,  rhombohedral.  Massive,  in  roimdish  masses  with 
easy  rhombohedral  cleavage,  and  twinning  lamellae  forniing  part- 
ing planes.  Color  wax-  to  honey-yellow.  Transparent  to  translu- 
cent. Very  deliquescent  on  exposure.  Comp.,  Ca  7.7,  Mg  9.3,  CI 
41.1,  HjO  41.9.  At  Stassfurt  in  thin  seams  with  Anhydrite,  Kieser- 
ite,  and  Camallite. 

V.    OXIDES. 
I.  Oxides  of  Silicon. 
II.  Oxides  of  the  Semi-metals. 
III.  Oxides  of  the  Metals. 

I.    OXIDES  OF  SILICON. 

78.  Quartz,         SiO,.    Hexagonal,  rhombohedral,  trapezohedral  tetartohe- 

dral. 

79.  Chalcedony,  SiOj.     Orthorhombic  (?),  cryptocrystalline. 

80.  Tridymite,    SiO,.    Hexagonal  or  pseudohezagonal. 

81.  Opal,  SiOj.nHjO.    Amorphous. 

78.     QmrU,  SiO^. 

Hexagonal,  rhombohedral,  with  trapezohedral  tetartohedrism. 
Over  60  fomis  have  been  observed.  Most  crystals  are  apparently 
holohedral,  and  seem  to  consist  of  a  hexagonal  prism  and  pyramid, 
but  in  reality  the  latter  consists  of  -f  R  and  —  R  in  equal  develop- 
ment. On  some  crystals,  as  from  Dauphin6,  France,  R  is  larger 
than  —  R  and  possesses  a  higher  luster.    At  times  ooP  is  absent, 
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and  the  two  rhonibohedrons  are  in  equal  development,  forming 
what  are  called  quartzoids.  The  prism  is  horizontally  striated, 
due  to  oscillator^'  combination  with  steep  rhonibohedrons  that 
sometimes  occur,  among  which  are  +3R,  +4R,  +5R,  —  ^R,  —  7R. 
Of  the  obtuse  forms  only  —  J^R  is  found,  and  perhaps  is  an  etching 

■  plane.      At  times  *the  t^tartohedrons,  trigonal  pyramid  —^  r,  I, 

and  trigonal  trapezohedron  — j— r,  i,  occur.    Of  the  former  the 

2P2  6P4 

most  frequent  is  —t-*",  h  and  of  the  latter  — .~r,  Z,  is  the  common- 
est. These  forms  are  called  right-handed  when  they  occur  on 
the  upper  right-hand  side  of  the  prism  face,  and  left-handed  when 
they  are  on  the  opposite  side.  The  trigonal  pyramid  is  striated 
parallel  to  its  combination  edge  with  R.     Very  rarely,  as  in  crys- 

xP2 

tals  in  Carrara  marble,  the  trigonal  prism  — —  is  found.     Although 

apparently  so,  single  crystals  are  very  rare,  but  they  are  actually 
twins  so  interpenetrated  that  the  fact  is  shown  only  by  etching, 
examination  in  polarized  light,  pyroelectricity,  or  some  other 
physical  property.  At  times  the  twins  may  be  recognized  by  the 
fact  that  the  horizontal  striations  on  ocP  are  not  continuous,  and 
then  they  may  also  be  recognized  by  the  presence  of  the  tetartohe- 
dral  forms  although  they  are  very  irregular  in  their  occurrence, 
possibly  only  one  or  two  faces  being  present.  (1)  Dauphin6  law: 
twinning  plane  oo  P.  The  same  result  will  be  obtained  by  revolving 
about  the  vertical  axis.  Both  individuals  have  their  c  axes  parallel, 
and  are  either  both  right,  or  both  left-handed  forms  completely 
interpenetrated  with  no  re-entrant  angles.  -hR  coincides  with 
— R,  and  we  therefore  see  a  bright  face  with  a  duller  patch  in  it 
belonging  to  —  R.  The  imion  of  such  quarter  forms  produces 
apparently  trapezohedral  hemihedral  crystals.  (2)  Brazil  law^: 
after  ocP2  made  of  right-  and  left-handed  individuals,  restoring 
the  rhombohedral  hemihedral  symmetry  by  making  apparent 
scalenohedrons.  Here  also  there  is  complete  interpenetration  with 
parallel  axes,  and  R  coinciding  with  R  and  —  R  with  —  R.  (3)  P2 
as  twinning  plane  is  rare,  forming  contact  twins  with  axes  at  84° 
33',  and  a  face  of  oo  P  coincident  in  both  individuals.     Fine  speci- 
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mens  of  such  are  found  in  Japan.  Quartz  possesses  a  very  strong 
crystallizing  force,  but  massive  forms  are  common  and  in  great 
variety,  passing  from  the  coarse  or  fine  granular  and  crystalline 
kinds  to  those  which  are  practically  cryptocrystalline.  Cleavage 
is  not  usually  observed  after  -hR  and  —  R,  but  may  be  developed 
by  heating  and  suddenly  cooling.  Sometimes  a  lamellar  struc- 
ture is  developed  parallel  to  these  planes.  Fracture  conchoidal 
to  subconchoidal.  Brittle  to  tough.  H.  =  7.  G.=2.65.  Lus- 
ter vitreous  on  crystal  faces  tq  greasy  on  the  fracture  surfaces; 
splendent  to  nearly  dull.  Colorless  when  pure,  often  various 
shades  of  yellow,  red,  blue,  brown,  green,  black.  Streak  white 
of  pure  varieties;  if  impure,  often  the  same  as  the  color,  but  much 
paler.  Transparent  to  opaque.  Optically  positive.  Refractive 
index  and  double  refraction  weak.  Circular  polarization,  rotat- 
ing the  plane  for  the  B  line  of  the  spectrum  in  a  plate  one  milli- 
meter thick,  15®  37',  and  the  H  line  47°  16',  so  that  the  angle  in- 
creases with  decreasing  wave-length.  Piezoelectric  and  pyro- 
electric.  In  right-handed  crystals  the  right  edges  below  R  be- 
come positive  on  heating,  and  the  alternate  edges  negative.  In 
Dauphin6  twins  two  adjacent  edges  may  have  the  same  kind, 
while  in  Brazil  twins  all  prismatic  edges  may  have  the  same  char- 
acter. Quartz  is  a  non-conductor  of  electricity.  Etching  figures 
produced  with  hydrofluoric  acid  or  alkaline  carbonates  show  the 
right-  or  left-handed  character  of  the  crystals,  and  of  course  dis- 
tinguish R  from  —  R.  A  sphere  cut  from  a  simple  right-handed 
crystal  when  inmiersed  in  hydrofluoric  acid  was  attacked  rapidly 
in  the  direction  of  the  vertical  axis,  but  not  at  all  at  the  +  ex- 
tremities of  the  lateral  axes.  Comp.,  Si  46,7,  0  53.3.  There  are 
many  varieties  of  Quartz,  but  we  will  consider  the  cr3rptocrys- 
talline  forms  usually  classed  with  Quartz,  as  Chalcedony,  since 
the  optical  behavior  is  not  that  of  Quartz.  To  Quartz  belong 
the  following,  which  possess  a  vitreous  luster,  and  are  most 
distinctly  crystalline:  (1)  Ordinary  crystallized.  Rock  Crystal; 
here  belong  the  colorless  kinds  such  as  the  Herkimer  diamonds, 
drusy,  cap,  and  radiated  Quartz.  Sometimes  crystals  are  of  large 
size;  one  belonging  to  Signor  Rafelli  of  Milan,  Italy,  is  3i  feet  long^ 
5 J  feet  in  circumference,  and  is  estimated  to  weigh  870  poujids; 
another  in  Paris  is  three  feet  in  diameter  and  weighs  800  pounds. 
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Very  pretty  doubly  terminated  Quartz  is  found  in  cavities  at  Mid- 
dleville,  Little  Falls,  and  elsewhere  in  Herkimer  Co.,  New  York- 
(2)  Amethyst;  clear  purple  to  bluish  violet.  Color  is  supposed 
to  be  due  to  manganese,  but  if  heated  the  color  becomes  yellow, 
possibly  indicating  that  the  color  is  volatile.  Some  reddish  opaque 
kinds  are  colored  by  Hematite,  as  in  the  Thunder  Bay  district  of 
Lake  Superior.  (3)  Rose;  red  or  pink,  becoming  paler  on  ex- 
posure, and  is  said  to  be  due  to  titanium,  1  to  1J%  having  been 
found  in  soihe  specimens.  It  may  come  perhaps  from  manganese. 
(4)  Citrine,  or  False  Topaz;  yellow  and  pellucid,  or  nearly  so, 
resembling  yellow  Topaz.  Some  Quartz  is  stained  by  Limonite 
and  is  opaque.  (5)  Smoky;  Cairngorm  stone;  smoky  yellow  to 
brown,  from  transparent  to  opaque.  Coloring  is  volatile,  and  is 
probably  due  to  organic  compounds.  At  times  inclusions  of  dark 
crystals  such  as  Tourmaline  cause  a  dark  color  which  resembles 
that  of  smoky  Quartz.  Fine  crystals  are  found  in  the  St.  Gott- 
hard  region  of  Switzerland.  In  1867  a  single  cavity  in  a  Quartz 
vein  near  the  Tiefen  glacier  produced  20,(X)0  pounds  of  crystals, 
some  of  which  weighed  more  than  250  pounds  each.  (6)  Milky; 
milk-white  and  nearly  opaque.  (7)  Aventurine;  spangled  with 
scales  of  Mica,  Hematite,  or  some  other  mineral.  (8)  Sagenitic; 
containing  acicular  crystals  of  Rutile,  Tourmaline,  Amphiboles, 
Epidote,  often  in  reticulated  forms.  (9)  Impure  from  the  presence 
of  distinct  minerals  distributed  densely  through  the  mass.  The 
more  common  kinds  are:  (a)  Ferruginous,  either  red  or  yellow, 
from  Hematite  or  Limonite.  (b)  Chloritic,  from  some  kind  of 
Chlorite,  (c)  Actinolitic  from  Actinolite.  (10)  Pseudomorphic 
Quartz.  The  most  common  are  Quartz  after  Calcite,  Barite, 
Fluorite,  and  Siderite.  Tiger  Eye,  which  is  used  as  a  gem,  is  Quarts 
after  Crocidolite,  an  asbestiform  Amphibole.  Silicified  or  petrified 
wood  is  Quartz  or  sometimes  Chalcedony  or  Opal  pseudomorph 
after  wood,  in  which  the  wood  has  been  replaced  molecule  after 
molecule  until  all  has  been  transformed  into  mineral  retaining  the 
complete  organic  structure. 

Dense  Varieties. — There  are  a  few  dense  varieties  which  may 
be  considered  as  Quartz  but  which  approach  Chalcedony  in  char- 
acter as  follows:  (a)  Jasper:  impure  opaque-colored  Quartz,  either 
red  or  yellow  to  brown,  due  to  Hematite  or  Limonite.     If  the 
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yellow  and  brown  kinds  are  heated  they  become  red.  Jasper  is 
abo  dark  green,  brownish  green,  grayish  blue,  black.  (6)  Horn- 
stone:  resembles  flint,  but  is  more  brittle,  the  fracture  is  more 
splintery.  Chert  is  a  term  applied  to  Hornstone  and  to  any  im- 
pure flinty  rock,  including  the  Jaspers. 

Quartz  is  the  most  common  mineral  on  the  earth.  It  is  an  es- 
sential constituent  of  Granite,  Rhyolite,  Dacite,  many  Syenit<*s, 
Trachjrtes  and  Diorites,  Gneisses,  and  Mica  Schists.  It  is  the  chief 
mineral  of  Quartzites  and  the  vast  majority  of  sandstones,  and  is 
the  most  frequent  gangue  mineral  or  veinstone  in  ore  veins.  It  Is 
also  the  principal  mineral  of  gravel  beds  and  seashore  sands. 
Switzerland,  Dauphin^,  Piedmont,  the  Carrara  quarries,  and  in- 
numerable other  localities  furnish  fine  Rock  Crystals;  also  Japan, 
whence  come  the  crystal  spheres  sometimes  6  inches  in  diameter; 
good  crystals  are  found  at  Hot  Springs,  Arkansas,  and  Herkimer 
Co.,  New  York.  Smoky  Quartz  is  found  in  the  central  Alps; 
Cairngorm,  Scotland;  and  in  the  Pike's  Peak  region  of  Colorado. 
Fine  Amethysts  come  from  India,  Ceylon,  Persia,  Brazil;  also 
Schemnitz,  Hungary,  and  in  the  Thunder-Bay  district  of  Lake 
Superior;  Keweenaw  Point,  Mich.,  and  in  the  Palisades  along  the 
Hudson  and  elsewhere  in  New  Jersey  in  basaltic  rocks  filling  up 
the  amygdaloidal  cavities.  Rose  Quartz  is  found  at  Albany  and 
Paris,  Maine,  and  Port  Henry,  Essex  Co.,  N.  Y. 

79.  Chalcedony,  SiOj. 
Orthorhombic  (?).  Cryptocrystalline,  at  times  in  concretionary 
masses  with  a  radial-fibrous  and  concentric  structure  in  which  the 
fibers  are  biaxial,  and  the  long  direction  is  negative,  while  Quartz 
is  positive.  Also  mammillary,  botryoidal,  stalactitic,  as  incrusta- 
tions on  rocks,  or  filling  cavities,  especially  amygdaloidal  holes  in 
volcanic  rocks.  Fracture  even  to  splintery.  H.  =  7.  G.  =  2.59- 
2.64.  Luster  waxy.  Color  white,  bluish  white,  grayish  brown, 
black,  green,  and  reddish.  The  refractive  index  is  weaker  than  that 
of  Quartz,  and  the  mineral  is  more  soluble  in  caustic  alkalies  than 
Quartz.  •  To  Chalcedony  belong  many  varieties  which  are  generally 
considered  as  Quartz,  as  follows: 

1.  Chalcedony:  ordinary,  white  to  bluish  white. 

2,  Cornelian,  Sard:  a  clear  red  to  brownish  red. 
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3.  Agate,  Onyx:  a  variegated  Chalcedony  in  which  the  colors 
are  in  bands,  clouds,  or  due  to  visible  impurities,  (a)  Banded.  The 
bands  represent  successive  stages  of  deposition  of  the  silica  solutions. 
Where  two  different  colors  are  thick  enough  the  agate  is  used  to 
make  the  gems  called  Cameos,  where  a  figure  in  one  color  rests 
upon  a  different  colored  background.  The  color  of  the  different 
layers  is  due  to  organic  matter,  oxides  of  iron,  manganese  or  tita- 
nium. (6)  Irregularly  clouded  with  the  same  colors  as  above,  (c) 
Colors  due  to  visible  impurities,  as  in  Moss  or  Dendritic  Agates, 
where  there  are  irregular  brown  or  green  moss-  or  tree-like  mark- 
ings due  to  manganese  oxides  or  Chlorite.  Agatized  wood  is  wood 
petrified  with  Agate.  Agates  are  found  especially  in  amygdaloidal 
cavities  in  volcanic  rocks.  The  finest  come  from  Brazil,  Uruguay, 
Himgary,  and  formerly  in  great  quantities  from  Melaphyrs  at  Ober- 
stein  on  the  Nahc  River,  near  Bingen,  Germany.  Very  few  of  the 
beautiful  colors  are  natural.  Owing  to  the  varying  density  and  po- 
rosity of  the  layers,  the  Agates  absorb  coloring  matter  with  more 
or  less  ease.  The  ancients  also  colored  them  artificially.  The 
black  colors  were  made  by  soaking  in  honey,  and  then  heating. 
It  is  now  done  by  placing  first  in  sugar  solution  and  then  in  sulphuric 
acid.  Most  agates  are  cut  and  polished  at  Obcrstein,  which  obtains 
them  from  all  over  the  world,  so  that  the  usual  label,  Oberstein, 
which  one  often  sees,  is  only  the  place  where  they  are  prepared. 
Agates  are  semi-precious  stones,  and  are  used  for  ornaments,  also 
for  mortars  and  pestles. 

4.  Chrysophrase :  an  apple-green  Chalcedony  due  to  a  nickel 
oxide. 

5.  Plasma:  bright  green  to  leek-green.  Heliotrope  or  Blood- 
stone is  Plasma  with  red  spots  of  Jasper  scattered  around  like  spots 
of  blood. 

6.  Flint:  opaque  in  dull  colors,  usually  gray,  brown,  and  some- 
times covered  with  white,  which  is  chalk  in  which  the  flint  occurs 
in  nodules.  Such  flints  under  the  microscope  show  that  they  are 
made  up  of  the  silicious  shells  of  minute  animals  and  plants  called 
Radiolaria  and  Diatoms.  Flint  breaks  with  a  deep  conchoida' 
fracture  and  a  sharp  cutting  edge.  The  coloring  matter  of  the 
common  kinds  is  mostly  carbonaceous. 

7.  Pseudomorphous  Chalcedony:    agatized  wood  has  already 
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been  mentioned,  but  the  mineral  is  also  found  after  Calcite,  Fluorite, 
and  Datolite.  One  of  the  very  interesing  occurrences  of  petrified 
wood  is  at  Chalcedony  Park,  25  miles  southeast  of  Holbrook,  in 
Apache  Co.,  Arizona,  where  immense  trees  lie  on  the  surface  and 
buried  in  the  ground,  which  are  petrified  by  Chalcedony,  Agate, 
Jasper,  Quartz,  and  possibly  Opal. 

80.     Tridymite,  SiOj. 

Hexagonal,  or  rather  pseudohexagonal  at  normal  temperatures 
but  l)ecoming  truly  hexagonal  on  heating  to  150°  C.  caoP,  P,  OP. 
Crystals  minute  and  thinly  tabular  parallel  to  the  base.  Twins 
very  conmion.  (1)  Twinning  plane  ^P,  forming  trillings,  whence 
the  name  Tridymite,  meaning  threefold;  both  contact  and  pene- 
tration. (2)  JP,  sometimes  associated  with  ^P  as  compound  twins. 
Cleavage:  ooP,  not  distinct.  Brittle.  H.  =  6.5-7.  G.  =  2.28-2.33. 
Luster  vitreous.  Colorless  to  white.  It  is  optically  positive  like 
Quartz,  but  the  refractive  index  and  double  refraction  are  much 
weaker.  It  is  soluble  in  boiling  caiLstic  alkalies,  while  Quartz  is 
not.  It  occurs  in  acid  volcanic  rocks  like  Rhyolite,  Trachyte,  and 
Andesite,  and  was  first  found  in  Augite  Andesite  in  the  Cerro  San 
Christobal,  near  Pachua,  Mexico;  also  found  in  the  Trachytes  of 
the  Drachenfels  and  Perlenhardt  of  the  Siebengebirge,  Germany; 
in  ejected  masses  from  Vesuvius,  Krakatoa,  and  other  volcanoes; 
in  the  Andesite  of  Mt.  Rainier,  Washington,  and  in  cavities  in 
Rhyolite  Obsidian  in  the  Yellowstone  Park. 

81.    Opal,  SiOj.nHjO. 

Amorphous.  Massive;  sometimes  small  reniform  and  stalac- 
titic;  also  earthy.  H.  =  5.5-6.5.  G.  =  1.9-2.3.  Luster  vitreous 
and  subvitreous,  often  inclining  to  resinous.  Color  white,  yellow, 
red,  brown,  green,  gray,  blue;  dark  colors  arise  from  foreign  sub- 
stances. Sometimes  a  rich  play  of  colors  is  observed  by  refracted 
and  reflected  light.  This  is  caused  by  the  varying  percentages  of 
water  in  the  different  parts,  which  affects  the  light  rays,  some 
being  reflected  while  others  are  refracted  and  then  reflected,  finally 
causing  an  interference  of  the  various  kinds  similar  to  Newton's 
rings.    Also  shows  the  milky  or  pearly  reflectioi^  calle4  opalescence. 


464  GENERAL  ANb  SPMCIAL  UWMAJMV 

Streak  wliite.  Transparent  to  nearly  opaque.  Opal  is  probably 
nothing  but  dried-up  gelatinous  silica,  with  water  varying  from  2 
to  13%.     The  varieties  are 

1.  Precious  Opal:  exhibits  a  delicate  play  of  colors. 

2.  Fire  Opal:  red  to  yellow  colors  with  fife-like  reflections. 

3.  Hydrophane:  translucent,  whitish,  is  porous,  adhering  to  the 
tongue,  and  becomes  more  transparent  if  placed  in  water. 

4.  Wood  Opal:  wood  petrified  by  Opal,  often  colored  yellow  or 
red  from  iron. 

5.  Hyalite:  transparent,  colorless,  globular  incrustations,  often 
botryoidal  and  stalactitic. 

6.  Fiorite,  Geyserite,  Siliceous  Sinter:  gray,  white,  porous  to 
firm  incrustations  and  masses  caused  by  deposits  from  hot  springs 
and  geysers. 

7.  Tripolite,  Infusorial  Earth:  consists  of  the  skeletons  of  mi- 
croscopic plants  called  Diatoms.  It  was  at  one  time  largely  used 
as  an  absorbent  for  nitroglycerine,  but  now  is  used  mainly  as  a 
poUshing  powder. 

Opals  occur  in  cavities  and  cracks  in  volcanic  rocks,  and  are  the 
result  of  the  decomposition  of  the  various  minerals.  The  valuable 
kinds  are  found  in  Rhyolite,  Trachyi;e,  and  Basalt.  Precious 
Opal  is  found  in  Quartz  Porphyry  near  Kashau,  Hungary,  where 
it  is  mined  by  the  Austrian  government;  also  at  Queretaro,  Mexico; 
Queensland,  Australia,  and  some  has  been  found  in  Oregon  Basalts. 

II.    OXIDES  OF  THE  SEMI-METALS. 

Arsenolite  Group.    RjOj.    Isometric. 
82.  Arsenolite,  AfijO,.  83.  Senarmontite,  SbjO,. 

82.     Arsenolite,  As^Og. 

Isometric.  In  octahedrons.  Usually  in  minute  capillary  crystals 
or  as  crusts.  H.  =  1.5.  G.  =  3.7-3.72.  Luster  vitreotis  or  silky. 
Color  and  streak  white.  Taste  astringent,  sweetish.  Comp.,  As 
75.8,  O  24.2.  Accompanies  ores  of  silver,  lead,  arsenic,  cobalt, 
nickel,  and  antimony  as  a  result  of  decomposition  of  arsenic  com- 
pounds. The  blackish  coating  on  native  arsenic  is  chiefly  Arsen- 
olite. 

83.     Senarmontite,  SbjOj. 

Isometric.    In  octahedrons.    Also  granular  massive;  in  crusts. 


456  GENERAL  AND  SPECIAL  MINERALOGY 

H.  =  2-2.5.  G.  ==  5.2-5.3.  Luster  resinous,  inclining  to  subadaman- 
tine.  Transparent  to  translucent.  Colorless  or  grajdsh.  Streak 
white.  CJomp.,  Sb  83.3,  O  16.7.  Occurs  as  a  decomposition  prod- 
uct of  Stibnite  and  other  antimony  ores.  It  was  first  found  in 
the  Haraclas  district  of  Algeria,  where  the  crystals  are  sometimes 
half  an  inch  in  diameter;  also  found  at  S.  Ham,  Wolfe  Co., 
Quebec,  Canada,  in  an  Antimony  mine. 

84.  Claudetite,  As^Oj. 

Monoclinic.  Crystals  in  thin  plates  resembling  Selenite.  Cleav- 
age:  00  P 00 ,  perfect.  Flexible  Hke  Selenite.  H.  =  2.5.  G.  =  3.85. 
Luster  pearly  to  vitreous.  Colorless  to  white.  Occurs  in  seams  in 
an  arsenical  ore  at  the  San  Domingo  mine,  Portugal. 

85.  ValentiniU,  SbjO,. 

Orthorhombic.  Crystals  prismatic  parallel  c  or  a  axis,  or 
tabular  parallel  ooPob,  bounded  by  ooP,  ooPdb,  brachydomes, 
and  possibly  pyramid.  Cleavage:  ooPo6,  perfect.  H.  =  2.5-3. 
G.  =  5.56.  Luster  adamantine.  Color  snow-white,  occasionally 
peach-blossom  red.  Streak  white.  Results  from  alteration  of 
antimony  ores. 

86.  Bismite,  BijOs- 

Urthorhombic.  Massive,  earthy.  G.  =  4.36.  Color,  greenish 
yellow  to  grayish  white.  Comp.,  Bi  89.6,  O  10.4.  Occurs  pulver- 
ulent at  Schneeberg  and  Joachimsthal  in  the  Erzgebirge. 

87.  TeUurUe,  TeC,. 

Orthorhombic.  In  slender  prismatic  crystals.  Cleavage:  oo Poo, 
perfect.  Flexible.  H.  =  2.  G.  =  5.9.  Color  white  to  yellow. 
Comp.,  Te  79.6,  O  20.4.  As  an  incrustation  on  Tellurium,  Boulder 
Co.,  Colorado. 

88.     MolybdUe,  MoO«. 

Orthorhombic.  In  capillary,  tufted,  radiated  forms;  also  as  an 
earthy  powder  or  incrustation.  H.  =  l-2.  G.=4.5.  Luster  of 
crystals  silky  to  adamantine.  Color  yellow  to  white.  Comp., 
Mo  66.7,  0  33.3.  Occurs  with  Molybdenite  as  an  oxidation  product. 
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89.  Tungstite,  WO3. 

Orthorhombic.  Powdery  and  earthy.  Color  bright  yellow  or 
yellowish  green.  Comp.,  W  79.3,  O  20.7.  Occurs  coating  Wolf- 
ramite and  other  ores  of  Tungsten. 

III.     OXIDES  OF  THE  METALS. 

A.  Anhydrous. 

B.  Hydrous. 

90.  WcUer-Ice,  HjO. 

Hexagonal,  probably  hemimorphic.  Observed  forms  are  OP, 
xP,  ^P,  P,  4P.  Distinct  faces  rare.  Usually,  as  in  snow  crj'stals, 
in  compound  six-rayedstellate  forms  of  great  variety;  also  granular 
and  compact  massive.  Brittle  at  low  temperatures,  but  somewhat 
less;so  near  the  melting-point.  H.  =  1.5.  G. =0.9167.  Fracture 
conchoidal.  Luster  vitreous.  Colorless  to  white  when  pure,  but 
in  thick  layers  pale  blue.  Transparent.  Optically  +.  Comp., 
H  11.1,  0  88.9. 

91.  Cuprite,  Cu^O. 

Isometric,  gyroidal.  Commonly  in  0,  also  ooOoo ,  00  O,  sometimes 
highly  modified.  Cubes  at  times  lengthened  into  capillary  forms. 
Also  massive',  granular,  sometimes  earthy.  Cleavage:  O  interrupted. 
Brittle.  H.  =  3.5-4.  G.  =  5.8-6.1.  Luster  adamantine  or  sub- 
metallic  to  earthy.  Color  red  of  various  shades  to  almost  black; 
occasionally  crimson  by  transmitted  light.  Streak  brownish  red, 
shining.  Subtransparent  to  subtranslucent.  Rfefractive  index  very 
high,  2.859  for  red.  Varieties  are :  (1)  Ordinary  crystals  and  massive, 
often  coated  with  Malachite,  and  at  times  wholly  altered  to  it. 
(2)  Chalcotrichite.  In  capillary  or  acicular  crystals  which  are  cubes 
elongated  in  the  direction  of  the  trigonal  axis.  (3)  Earthy;  Tile 
ore.  Brick-red  or  reddish  brown  and  earthy,  often  mixed  with 
Hematite.  Comp.,  Cu  88.8,  O  11.2.  It  never  occurs  alone,  but 
accompanies  the  other  ores  of  copper,  and  is  generally  found  in 
the  upper  levels  as  an  oxidation  product.  It  occurs  at  Cornwall 
England;  at  Chessy,  near  Lyons  France,  in  large  fine  crystals 
coated  or  entirely  altered  to  Malachite;  at  Ekaterinburg  in  the 
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Russian  Urals;  abundant  in  Chile;  Copper  Queen  mine,  Bisbee, 
Arizona;  at  Clifton,  Arizona,  as  fine  Chalcotricite.  Besides  Mala- 
chite, it  alters  to  Azurite,  Copper,  Melaconite,  and  ChrysocoUa. 
Limonite  also  occurs  as  a  pseudoinorph  by  substitution. 

92.     ZincUe,  ZnO. 

Hexagonal,  hemimorphic.  Bounded  by  ooP  with  P  at  one  end, 
with  OP  at  the  other.  Crystals  extremely  rare.  Usually  foliated 
massive  or  in  grains.  Cleavage :  OP,  perfect.  Brittle.  H.  =  4-4.5. 
G.  =  5.4-5.7.  Luster  subadamantine.  Color  deep  red  to  orange- 
yellow.  Streak  orange-yellow.  Translucent  to  subtranslucent. 
Comp.,  Zn  80.3,  O  19.7.  It  occurs  only  at  Franklin  Furnace  and 
Sterling  Hill,  Sussex  Co.,  New  Jersey,  with  Franklinite  and  Will- 
emite  in  metamorphic  Cambrian  limestones. 

93.    Massicot,  PbO. 

Massive  with  scaly  or  earthy  texture.  H.  =  2.  G.=*8,  when 
pure  9.2-9.3.  Luster  dull.  Color  sulphur-yellow,  sometimes  red- 
dish. Streak  lighter  than  color.  Opaque.  Comp.,  Pb  92.8,  0  7.2. 
It  is  found  in  many  places  in  Chihuahua,  and  Coahuila,  near  Mon- 
terey, Mexico.;  also  at  Austin's  mines,  Wjrthe  Co.,  Virginia.  The 
artificial  litharge  occurs  in  yellowish  red  scales. 

94.    Tenorite-MelaconUe,  CuO. 

Monoclinic  or  triclinic.  Usually  in  thin  scales,  flexible  and 
shining.  Earthy,  massive,  pulverulent.  Twins:  ooPob.  Cleavage: 
OP,  easy.  H.  =  3-4.  G.  =  5.82  crystals;  6.25  massive.  Luster 
metallic  and  color  steel-  or  iron-gray  when  in  thin  scales;  dull  and 
earthy,  with  a  black  or  grayish  black  color,  and  generally  soiling 
the  fingers  when  massive  or  pulverulent.  Comp.,  Cu  79.8,  O  20.2- 
Varieties:  (1)  Tenorite.  In  minute  scales  with  metallic  luster  as 
in  the  lavas  of  Vesuvius.  (2)  Melaconite.  Massive,  earthy  black. 
Common  about  copper  mines  as  oxidation  product  of  other  ores,  as 
at  Ducktown,  Tenn.,  and  Copper  Harbor,  Keweenaw  Point,  Mich. 
It  is  mined  as  an  ore  in  large  quantities  at  the  Ashio  mine  in  Japan, 
and  at  the  United  Verde  mine,  Jerome,  Arizona;  also  at  Globe 
mine,  Gila  Co.,  Arizona. 
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Hematite  Group.    R3O5.    Hexagonal  Rhombohedral. 

95.  Corundum,         AlaO,;        angleRAR  86*»4'. 

96.  Hematite,  Fe,0,;  "        "     86*». 

^^•iS^^ite,   S(^«'^>»^-    "        "     «^^31'-    TetartohedraL 

95.     Corundum^  AI2O3. 

Hexagonal,  rhombohedral.  The  forms  seem  to  be  holohedral, 
and  are  generally  pyramids  of  the  second  order,  ^P2, 4P2, 9P2,  with 
00  P2,  OP,  and  R  small.  Crystals  are  rough  and  rounded,  having  a 
barrel  shape.  Twins:  R,  sometimes  penetrations,  often  polysyn- 
thetic,  producing  a  laminated  structure  which  causes  three  sets  of 
striations  on  OP  at  angles  of  60°.  The  second-order  forms  are  stri- 
ated horizontally;  also  massive,  granular,  coarse  or  fine.  Parting: 
OP,  sometimes  perfect,  but  interrupted;  also  R,  often  prominent, 
due  to  twinning.  Fracture  uneven  to  conchoidal.  Brittle,  when 
compact  very  tough.  H.  =  9,  but  often  covered  with  Mica  as  coat- 
ing or  as  an  alteration  product,  so  that  the  mineral  appears  to  be 
much  softer.  G.  =  3.95-4.10.  Luster  adamantine  to  vitreous. 
Color  grayish  green,  blue,  red,  yellow,  brown,  and  rarely  nearly 
white.  Streak  uncolored.  Transparent  to  translucent.  Occasionally 
shows  asterism.  Phosphorescent,  with  a  rich  red  color.  Comp., 
Al  52.9,  O  47.1.  Varieties:  (1)  Ruby  and  Sapphire  are  the  purer 
forms,  with  red  and  blue  colors,  useful  as  gems.  (2)  Corundum 
includes  the  dark  and  dull  colors,  and  is  ground  and  used  as  pol- 
ishing material.  (3)  Emery  includes  granular  forms  of  black  or 
grayish  black  color  intimately  mixed  with  Magnetite  or  Hematite. 
It  looks  like  fine-grained  Magnetite,  and  gravity  varies  from  3.75 
to  4.31. 

Corundum  occurs  in  igneous  and  metamorphic  rocks.  It  crys- 
tallizes out  of  igneous  solutions,  and  has  been  found  economically, 
associated  with  Nepheline  Syenites,  Gabbros  and  Norites,  and 
Peridotites.  Recent  deposits  were  found  in  the  former  at  Raglin> 
Renfrew  Co.,  Ontario,  and  the  mines  of  North  Carolina,  South 
Carolina,  and  Georgia  are  found  with  Peridotite  rocks.  It  is  found 
in  considerable  quantities  in  this  belt,  especially  at  the  Culsagee 
paine.  Corundum  Hill,  near  Franklin,  Macon  Co.,  N.  C,  and  26  mile§ 
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southeast  of  this  at  Laurel  Creek,  Ga.  •The  finest  Sapphires  and 
Rubies  come  from  upper  Burmah,  north  of  Mandalay,  in  an  area 
of  30  square  miles,  of  which  Mogok  is  the  center.  They  are  foimd 
in  crystalline  limestones,  but  principally  in  gravels.  In  all  cases 
Ruby  Spinel  is  associated.  Recently  remarkably  fine  Sapphires 
and  Rubies  have  been  found  along  the  Missouri  River  in  gravels  in 
Fergus  and  Granite  counties,  Montana.  Most  commercial  Emery 
is  foupd  in  metamorphic  rocks,  such  as  crjrstalline  limestones  and 
schists,  on  the  islands  of  Naxos  and  Samos  in  the  Grecian  archi- 
pelago. In  this  country  it  occurs  in  metamorphic  rocks  with 
Margarite  and  Chlorite  at  Chester,  Mass.,  and  in  Peridotites  near 
Cruger's  Station,  Cortlandt  Township,  near  Peekskill,  New  York. 

96.  Hematite,  Fefi^. 
Hexagonal,  rhombohedral.  Three  types:  (1)  R  alone,  with 
angles  of  86**,  very  rare.  (2)  Pyramidal  habit  bounded  by  R,  JR, 
|P2;  at  times  —  JR,  +iR,  —  iR,  and  —  2R  occur.  The  obtuse  ones 
approach  the  base,  but  are  characterized  by  striations.  (3)  Tabu- 
lar after  the  base  with  OR,  R,  —  2R,  ooP2,  and  sometimes  with  ooP. 
Plates  are  sometimes  arranged  parallel  or  in  rosettes  known  as  the 
Iron  Rose.  The  tabular  is  the  commonest  type.  Sometimes  the 
tables  or  scales  are  so  thin  as  to  be  transparent.  Twins:  (1)  0P# 
as  penetrations;  also  composition  face  perpendicular  to  OP.  (2) 
R  less  common,  usually  polysynthetic,  producing  three  sets  of 
striations  on  OP.  Also  columnar  to  granular,  botryoidal,  reniform, 
and  stalactitic  shapes;  lamellar  to  micaceous;  granular,  compact, 
earthy.  Parting:  OP  due  to  lisimellar  structure,  also  R  due  to  poly- 
synthetic twinning.  Fracture  subconchoidal  to  uneven.  Brittle  in 
compact  forms,  .elastic  in  thin  laminae,  soft  in  loosely  adherent 
scaly  kinds.  H.  =  5.5-6.5.  G.  =  4.9-5.3.  Luster  metallic,  occa- 
sionally splendent,  sometimes  dull.  Color  dark  steel-gray  to  iron- 
black;  in  very  thin  scales  blood-red  to  yellowish  red  by  transmitted 
light;  when  earthy,  red.  Streak  cherry-red  or  reddish  brown. 
Opaque,  except  very  thin  scales.  Comp.,  Fe  70,  O  30,  sometimes 
containing  titanium  and  magnesium.  Varieties:  (1)  Specular. 
Crystals.  Metallic  luster  often  splendent,  whence  the  name.  When 
the  structure  is  foliated  it  is  called  micaceous  Hematite.  Tabular 
crystals  of  Hematite  form  regular  growths  with  Rutile,  so  that 
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ooPx  of  the  latter  coincides  with  OP  of  the  former,  the  vertical 
axis  of  the  Rutile  being  in  the  direction  of  the  intermediate  lateral 
axes  of  the  Hematite,  so  that  where  there  are  many  little  Rutiles, 
there  will  be  three  sets  making  angles  of  60°.  (2)  Compact,  colum- 
nar to  fibrous.  Masses  often  radiating.  Luster  submetallic  to 
metallic.  Sometimes  in  reniform  masses,  with  smooth  fracture 
called  Kidney  Ore,  and  long,  thin  columnar,  known  as  Needle  Ore- 
(3)  Red  Ocherous.  Red  and  earthy.  (4)  Red  Clay  Iron-stone; 
argillaceous  Hematite.  It  is  Hematite  mixed  with  clay  and  sand, 
of  brownish  black  to  reddish  brown  color.  When  jasper-like  in  tex- 
ture it  is  called  jaspery  clay  iron-stone;  when  consisting  of  lenticular 
concretions,  it  is  called  oolitic  Hematite.  Much  of  this  kind  of  ore 
is  found  in  the  Clinton  ore  bed  of  Lower  Silurian  age  running  from 
central  New  York  to  Alabama.  It  has  been  found  to'consist  largely 
of  remains  of  minute  animals  called  Bryozoa,  and  is  consequently 
called  Fossil  Ore  by  some.  Itabiryte  is  a  schist  resembling  Mica 
Schist,  but  containing  much  specular  ore  in  scales.  It  is  found  in 
Minas  Geraes,  Brazil,  with  Nepheline  Syenite.  Specular  Hematite 
occurs  in  igneous  and  metamorphic  rocks,  and  is  very  frequent 
around  the  craters  of  active  volcanoes,  such  as  Vesuvius  and  -Etna. 
It  is  formed  by  the  steam  acting  upon  iron  chloride  as  follows: 
2Fea,-f3H20  =  Fe203-h6HCl.  Occurs  in  fine  crystals  on  Island  of 
Elba,  Mediterranean,  and  as  Iron  Rose  in  the  St.  Gotthard  region 
of  Switzerland.  It  is  also  found  massive  as  micaceous  Hematite 
in  the  Marquette  district  of  Michigan.  The  other  varieties  are 
found  in  large  masses  in  northern  Michigan,  Wisconsin,  and  Minne- 
sota; also  in  the  Birmingham  district  of  Alabama.  In  1899  80% 
of  the  iron  ore  of  the  United  States  was  Hematite,  and  was  produced 
in  three  or  four  States.  It  is  very  pure,  sometimes  containing  64% 
Fe.  Hematite  is  also  mined  at  Iron  Mountain  and  Pilot  Knob  in 
Missouri,  as  well  as  in  the  Clinton  ore  bed  north  of  Alabama  to 
New  York.  It  alters  to  Magnetite  and  to  Pyrite,  but  most  fre- 
quently to  Limonite,  and  also  occurs  as  fine  pseudomorphs  after 
Magnetite  called  Martite. 

97.     IVmenitey  or  Menaccanitey  (Fe,Ti)208. 
Hexagonal,  rhombohedral  tetartohedral.     In  forms  similar  to 
Hematite.    Crystals  not  very  common,  and  generally  tabular  ?ifter 
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the  base.  Twins:  (1)  OP;  (2)  R  as  polysynthetic  twinning  lamellae, 
though  less  common  than  in  Hematite.  Often  in  thin  plates.  Mas- 
sive, compact;  in  embedded  grains,  also  loose  as  sand  in  placers 
where  platinum  and  other  metals  occur.  Fracture  conchoidal. 
H.  =  5-6.  G.  =  4.5-5.  Luster  submetallic.  Color  iron-black. 
Streak  subsubmetallic,  black  to  brownish  red.  Opaque.  In- 
fluences the  magnetic  needle  slightly.  Comp.,  Fe  36.8,  Ti  31.6, 
O  31.6.  The  ratio  of  Titanium  to  Iron  varies  greatly,  usually 
corresponding  to  mFeTiOj.nFejOj.  Umenite  is  found  in  such 
igneous  rocks  as  Gabbros,  Norites,  Basalts,  Trap,  Piorite;  also 
with  metamorphic  rocks,  such  as  crystalline  limestones.  At 
Kragero,  Norway,  it  is  found  in  Diorites  in  crystals  sometimes 
weighing  15  pounds.  It  is  found  in  limestone  with  Spinel  at 
Warwick,  Amity,  and  Monroe,  Orange  Co.,  New  York.  Much  has 
been  called  Ilmenite,  which  is  really  a  fine  intergrowth  of  Hema- 
tite and  Rutile,  which  would  yield  the  titanium  of  the  analyses. 

Spinel  Group.    R^I^^O^  or  R^O .  R}  ^O,.    Isometric. 

98.  Spinel,  MgO.Al,0,- 

99.  Hercynitc,  FeO.Al,0,. 

100.  Gahnite,  ZnO.AlsOt. 

101.  Magnetite,  FeO.Fe,0,. 

102.  Magnesiofenite,  MgO.Fe,0,. 

103.  FrankUnite,  (Fe,Zn,Mn)0 .  (Fe,Mn),0,. 

104.  Chromite,  FeO.Cr,0,. 

98.    Spinel,  MgAla04. 

Isometric.  Habit  octahedral,  often  with  ooO,  and  sometimes 
mOm.  Twins : '  O,  very  common,  also  polysynthetic  striations  on 
0.  Always  in  crystals  or  ^ains.  Cleavage:  0,  imperfect.  Brittle. 
H.  =  8.  G.  =  3.5-4.1.  Luster  vitreous,  splendent  to  nearly  dull. 
Color  red  of  various  shades,  passing  into  blue,  green,  brown,  and 
black;  occasionally  almost  white.  Streak  white.  Transparent  to 
nearly  opaque.  Phosphorescent  with  a  red  light.  Comp.,  AljO^ 
71.8,  MgO  28.2.  Varieties:  (1)  Ruby  Spinel  or  Magnesia  Spinel; 
red.  Color  said  to  be  due  to  chromium  oxide.  Is  used  as  imita- 
tion Ruby.  (2)  Pleonaste,  iron-magnesia  Spinel.  Color  dark  green, 
bro\Mi  to  black.      (3)  Chlorospinel,  magnesia-iron  Spinel.      Color 
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grass-green,  due  to  copper.  (4)  Picotite  or  Chrome  Spinel.  Mag- 
nesia-iron-chromium Spinel.  Color  dark  yellowish  brown  or  green- 
ish brown. 

Spinel  occurs  in  granular  limestone  and  in  igneous  rocks.  Ruby 
Spinel  is  found  with  true  Rubies  in  Burma.  It  is  also  found  in 
Ceylon  and  Siam  in  river  sands.  Picotite  and  Pleonaste  occur  in 
Gabbros  and  Peridotites  as  with  the  Corundum  deposits  of  North 
Carolina,  which  are  found  in  Dunites,  a  kind  of  Peridotite.  Com- 
mon Spinel  is  found  in  the  limestone  blocks  ejected  by  Mt.  Vesuvius, 
also  in  the  metamorphic  limestones  running  from  Amity,  Orange 
Co.,  New  York,  to  Andover,  Sussex  Co.,  New  Jersey.  It  alters  to 
Talc  and  Serpentine. 

99.  Hercyniie,  FeAla04. 

Isometric.  Massive,  fine  granular.  H.  =  7.5-8.  G.  =  3.91-3.95. 
Color  black.  Streak  dark  grayish  green  to  leek-green.  Comp., 
AljOj  58.6,  FeO  41.4.  Occurs  at  Ronsberg,  Bohmerwald,  Germany, 
with  Corundum ;  also  in  Peridotites  with  Corundum  near  Cniger^s 
Station,  Cortlandt  Township,  near  Peekskill,  N.  Y. 

100.  Gahniie,  ZnAl^O^. 

Isometric.  In  0.  H.  =  7.5-8.  G.  =  4-4.6.  Color  green  to 
black.  Streak  grayish.  Comp.,  AljO,  55.7,  ZnO  44.3.  It  occurs 
with  other  zinc  minerals  at  Franklin  Furnace,  New  Jersey.  In 
the  muffles  which  are  used  for  the  distillation  of  zinc  there 
accupiulates  a  bluish-black  residue  filled  with  innumerable  little 
crjrstals  of  zinc  Spinel. 

101.    Magnetite,  FcjO^,  or  FeO.FejO,. 

Isometric.  Habit  octahedral,  sometimes  with  small  oo  0,  some- 
times in  00  O  with  small  0,  and  with  faces  striated  parallel  to  their 
combination  edges.  Twins :  O,  sometimes  polysynthetic,  producing 
striations  on  an  octahedral  face.  In  dendrites  between  Mica  plates. 
Massive  with  laminated  structure;  granular,  coarse  or  fine.  Part- 
ing: 0  often  highly  developed,  due  to  twinning.  Fracture  subcon- 
choidal  to  uneven.    Brittle.    H.  =  5.5-6.5.    G.  =  5.16-5.18.    Luster 
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metallic  and  splendent  to  submetallic  and  rather  dull.  Color  iron- 
black.  Streak  black.  Opaque,  but  in  thin  dendrites  in  Mica  nearly 
transparent  and  pale  brown  to  black.  Strongly  magnetic,  some- 
times possessing  polarity,  when  it  is  called  Lodestone  or  Native 
Magnet.  Comp.,  Fe  72.4,  O  27.6.  Sometimes  contains  magnesium, 
titanium,  and  rarely  nickel.  Magnetite  has  two  modes  of  occur- 
rence: (1)  In  connection  with  metamorphic  rocks,  such  as  gneisses, 
schists,  and  granular  limestones.  The  ore  is  generally  associated 
with  such  basic  minerals  as  Amphiboles  and  Pyroxenes,  and  by 
diminution  in  amount  of  ore  grades  through  these  minerals  very 
gradually  into  the  barren  rock.  The  Magnetite  has  sometimes 
been  formed  by  the  metamorphosis  of  Limonite  or  Hematite  beds 
in  sedimentary  rocks,  but  in  many  other  cases  it  has  been  caused 
by  the  action  of  pressure  and  heat  which  occasions  something  like 
a  concretionary  wandering  of  iron  compounds  toward  a  conmion 
center,  and  which  is  known  as  segregation,  although  its  causes  are 
unexplained.  Deposits  of  metamorphic  origin  are  those  in  parts 
of  New  York,  Pennsylvania,  New  Jersey;  Dannemoraand  elsewhere 
in  Scandanavia.  (2)  Associated  with  basic  igneous  rocks  such  as 
Gabbros  and  Peridotites,  from  which  it  has  been  deposited  as  basic 
secretions,  disseminated  or  in  large  masses.  Such  Magnetite  is 
associated  with  Olivine,  Apatite,  Amphiboles,  Pyroxenes,  and  basic 
Plagioclase.  Ore  of  such  origin  is  often  titaniferous,  which  is  of 
great  disadvantage,  since  it  cannot  be  removed  and  is  deleterious 
to  the  iron  or  steel.  Large  deposits  in  the  Adirondack  Mountains 
are  associated  with  Norites  and  Gabbros.  It  is  possible  that  on 
careful  study  many  other  ore  deposits  will  be  found  to  belong  to 
this  type. 

Magnetite  is  found  in  large  quantities  at  Arendal,  Norway; 
Dannemora  and  Falum,  Sweden;  the  Taberg,  Kurunavara,  and 
Gelivara  in  Sweden  are  whole  mountains  consisting  of  the  ore; 
also  in  the  Urals.  Magnetite  was  formerly  the  chief  iron  ore  in 
the  United  States,  but  now  it  is  not  over  7%  of  the  whole,  and  is 
produced  chiefly  in  Pennsylvania,  New  York,  and  New  Jersey.  It 
sometimes  forms  fine  crystals  as  a  kind  of  concretion  in  Chlorite 
Schists.  In  regions  where  Magnetite  occurs,  the  sand  by  the  road- 
side and  in  gullies  after  a  rain  is  often  colored  black  from  the 
Magnetite  mixed  with  it,  and  forms  a  large  part  of  the  heavy 
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"black  sands"  which  carry  the  vahie  in  placer  deposits.  It 
alters  to  Hematite,  which,  when  in  pseudomorphs,  is  called  Mar- 
tite,  and  Limonite. 

102.     Magnesioferrite,  MffFe204. 

Isometric.  O,  or  O  with  ooO.  H.  =  6^6.5.  G.  =  4.5^-4.65. 
General  properties  same  as  Magnetite.  Strongly  magnetic.  Comp., 
FejOj  80,  MgO  20.  Has  been  found  only  in  the  fumaroles  of  Ve- 
suvius, but  is  interesting  on  account  of  Isomorphism,  since  it  ac- 
counts for  the  magnesia,  sometimes  up  to  7%,  which  is  foimd  in 
Magnetite. 

103.    Franklinite,  (Fe,Zn,Mn)0.(Fe,Mn)308- 

Isometric.  Habit  octahedral  with  small  ooO.  Edges  often 
rounded,  and  crystals  pass  into  rounded  grains.  Massive,  granular, 
coarse  or  fine  to  compact.  Parting:  0,  as  in  Magnetite.  Fracture 
conchoidal  to  uneven.  Brittle.  H.  =  5.5-6.5.  G.  =  5.07-5.22. 
Luster  metallic,  sometimes  dull.  Color  iron-black.  Streak  black  or 
reddish  brown.  Opaque.  Slightly  magnetic,  but  can  be  extracted 
from  the  crushed  ore  by  means  of  a  powerful  electro-magnet.  Com- 
position varies  widely  in  relative  quantities  of  different  metals 
present.  One  analysis  gave  Yefi^  63.40,  Mn^Oj  4.44,  ZnO  23.12, 
MnO  10.46.  FeO  is  usually  not  present,  though  one  analysis  gave 
15.65.  It  occurs  in  cubical  crystals  at  Eibach,  Nassau,  and  in 
amorphous  masses  at  Altenberg,  near  Aix-la-Chapelle,  Germany, 
but  is  found  only  in  quantity  with  Willemite  and  Zincite  in  meta- 
morphic  Cambrian  limestones  at  Franklin  Furnace  and  Sterling 
Hill,  Sussex  Co.,  New  Jersey.  The  zinc  is  distilled,  and  the  re- 
mainder is  used  in  making  ferro-manganese.  Franklinite  is  phys- 
ically difficult  to  distinquish  from  Magnetite,  and  is  told  best  by  the 
associated  minerals. 

104.     Chromite,  FeCr^. 

Isometric.  In  octahedrons,  but  commonly  massive;  fine  granu- 
lar to  compact.  Fracture  uneven.  Brittle  to  somewhat  tough, 
H.  =  5.5.  G.  =  4.32-4.57.  Luster  submetallic  to  metallic.  Color 
between  iron-black  and  brownish  black,  but  sometimes  yellowish 
to  red  in  very  thin  sections.     Translucent  to  opaque.    Sometimes 
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feebly  magnetic.  Not  acted  upon  by  acids,  and  is  decomposed 
only  by  fusion  with  acid  potassium  sulphate.  Comp.,  CtjO,  68, 
FeO  32.  Iron  may  be  replaced  by  magnesium,  and  chromium  by 
aluminum  and  ferric  iron.  Certain  Chromites  grade  into  Picotite 
by  decrease  of  Chromium.  It  occurs  in  basic  igneous  rocks  like 
Gabbros  and  Peridotites,  especially  those  containing  Olivine.  They 
decompose  readily  to  Serpentine,  and  most  Chromite  is  mined  in 
Serpentine  rocks.  It  also  occurs  in  Meteorites.  It  is  the  only  ore 
of  chromium,  and  is  mined  chiefly  at  Brusa,  in  Asia  Minor,  about 
60  miles  from  Constantinople;  also  found  in  NewCaledoi^  as  ore, 
and  in  the  Urals.  At  present  practically  no  Chromite  is  mined  in 
this  country,  though  it  was  formerly  obtained  near  Baltimore  in 
the  Bare  Hills,  and  elsewhere  in  Maryland;  in  Monterey  and  Santa 
Clara  counties,  California;  it  is  also  found  at  Bolton  and  Ham, 
Quebec,  Canada. 

106.     Chrysoberyl,  BeAla04. 

Orthorhombic.  Crystals  generally  tabular  after  ooPoo,  which 
is  vertically  striated.  Twins:  3Po6 ,  conmion  as  contact  and  pene- 
trations, often  forming  pseudohexagonal  crystals  with  or  without 
re-entrant  angles.  In  case  of  twins,  ooPd&  will  have  feather-like 
striations.  Cleavage :  P cJ6 ,  quite  distinct.  H.  =  8.5.  G.  =  3.5-3.84. 
Luster  vitreous.  Color  greens  of  various  shades  to  brown  and 
yellow;  sometimes  red  by  transmitted  light.  Streak  uncolored. 
Transparent  to  translucent.  Sometimes  shows  bluish  opalescence 
and  asterism.  Comp.,  AljO,  80.2,  BeO  19.8.  Used  as  a  gem,  and  is 
found  in  Brazil;  Urals;  at  Haddam, Conn.;  also  Norway  and  Stone- 
ham,  Maine.  It  is  found  in  granitic  Pegmatite  veins  with  Tour- 
maline, Beryl,  Phenacite,  Topaz,  and  other  rare  minerals. 

106.    HausmanniUj  Mn,04. 

Tetragonal.  Pyramidal,  P,  OP.  Twins:  Poo,  often  repeated  as 
fivelings.  Also  granular  massive.  Cleavage:  OP,  nearly  perfect. 
H.  =  5-5.5.  G.  =  4.7-4.85.  Luster  submetallic.  Color  brownish 
black.  Streak  chestnut>-brown.  Opaque.  Comp.,  MujO,  69, 
MnO  31.  Occurs  with  other  manganese  ores  as  at  Ilmenau,  Thu- 
ringia,  and  Ilefeld,  Harz,  Germany;  also  mines  at  Filipstad,  L&ng- 
ban,  and  Nordmark,  Sweden. 
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^      107.    Minium,  FhjO^. 

Pulverulent,  and  in  scales.  H.  =  2-3.  G.  =  4.6.  Luster  faint 
greasy  or  dull.  Color  red  mixed  with  yellow.  Streak  orange- 
yellow.  Comp.,  Pb  90.6,  O  9.4.  Usually  associated  with  Galena 
and  Cenissite,  as  at  Austin's  mine,  Wythe  Co.,  Va.,  and  Rock 
mine,  Leadville,  Col.,  where  it  has  the  structure  of  Galena,  from 
which  it  was  derived. 

108.    Brauniie,  SMn^Og.MnSiO,. 

Tetragonal.  Pyramidal  habit.  P,  ooPoo.  Twins:  Poo.  Also 
massive.  Cleavage :  P,  perfect.  H.  =  6-6.5.  G.  =  4.7-4.82.  Luster 
submetallic.  Color  dark  brownish  black  to  steel-gray.  Streak 
same.  Comp.,  Mn,0,  78.3,  MnO  11.7,  SiO,  10.0.  It  occurs  with 
other  manganese  ores  in  the  Harz  and  Thuringian  districts  of  Ile- 
feld  and  Ilmenau,  Germany;  Jakobsberg,  Sweden.  The  ore  of  the 
Batesville  region  in  northern  Arkansas  is  said  to  be  Braunite. 

RuTiLE  Group.    ROj.    Tetragonal. 

109.  Cassiterit«,    SnO,.  111.  Rutile,  TiO,. 

110.  Polianite,      MnOj.  112.  Plattnerite,   PbO,. 

With  the  Rutile  group  is  sometimes  included  Zircon,  ZrOj.RiOj, 
which  is  here  classed  with  the  silicates. 

109.     CassUeritef  SnOj. 

Tetragonal.  Generally  short  prismatic  with  oo  P,  oo Poo ,  P,  Poo . 
At  times  pyramidal,  P,  Poo,  and  possibly  prisms,  small.  Forms 
of  both  orders  are  often  striated  parallel  to  their  combination 
edges.  Twins:  Poo,  as  contact  and  penetrations.  Often  in  reni- 
form  shapes,  structure  fibrous  divergent;  also  massive,  granular; 
in  rolled  grains.  Cleavage:  ocPoo,  imperfect.  Fracture  sub- 
conchoidal  to  uneven.  Brittle.  H.  =  6-7.  G.  =  6.8-7.1.  Lus- 
ter adamantine,  and  cr>'stals  usually  splendent.  Color  brown  or 
black;  sometimes  red,  gray,  yellow,  or  white.  Streak  white,  gray- 
ish, brownish.  Nearly  transparent  to  opaque.  Comp.,  Sn  78.6, 
O  21.4.  A  little  iron  or  tantalum  is  sometimes  present.  Varie- 
ties: (1)  Ordinary,  Tin-stone.  Crystals  and  massive.  Acute 
pyramids  are  called  needle-tin  ore.     (2)    Wood  Tin.     In  botry- 
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oidal  and  reniform  shapes  concentric  in  structure  and  radiated 
fibrous,  internally.  Of  brownish  color,  resembling  dry  wood  in 
that  respect. 

Stream  tin  is  ore  in  the  state  of  sand  or  gravel  as  found  in  plac- 
ers, which  is  the  chief  source  of  the  mineral.  Cassiterite  is  the 
chief  ore  of  tin,  the  sulphide  Stannite  being  rare,  and  with  the  ex- 
ception of  a  few  veins  in  Peru  and  elsewhere  it  is  associated  with 
acid  igneous  rocks,  chiefly  Granite  and  Rhyolite  where  it  occurs 
disseminated  in  impregnations  of  country  rock,  or  in  finely  reticu- 
lated veins  called  stock  works.  It  is  associated  with  Fluorite,  Topaz, 
Tourmaline,  Molybdenite,  Wolframite,  Scheelite,  and  some  light 
colored  Mica,  generally  containing  lithium  like  Zinnwaldite.  These 
minerals  contain  elements  that  might  have  been  in  gaseous  form, 
such  as  boron  and  fluorine,  so  that  it  is  concluded  that  the  Cas- 
siterite is  probably  formed  in  the  igneous  rocks  at  that  period 
when  gases  are  most  active,  toward  the  close  of  the  eruption,  which 
is  known  as  the  Fumarole  period.  We  have  found  that  metallic 
chlorides,  such  as  iron,  copper,  and  titanium,  are  present  near  vol- 
canoes, and  it  is  thought  that  tin  may  also  have  been  present  as  a 
fluoride,  which  would  be  decomposed  by  the  st<*am  as  follows: 
SnF4  4-2H30  =  Sn02  4-4HF.  The  hydrofluoric  acid  would  in  turn 
act  on  the  surrounding  rocks,  forming  fluorine  compounds.  The 
most  common  mother-rock  of  tin  is  a  coarse-grained  porous  Gran- 
ite called  Greisen,  which  is  composed  of  Quartz  and  a  white  Mica. 
It  is  possible  that  the  Mica  represents  the  original  Feldspar  of  the 
Granite,  which  was  changed  by  fumarole  action.  Greisen  prac- 
tically never  pay  to  mine  on  account  of  the  dissemination  of  the 
ore,  but  it  is  concentrated  by  nature  into  placers  from  which  most 
Cassiterite  is  obtained.  The  chief  producers  are  the  Straits  Set- 
tlements and  Malay  Peninsula,  with  the  neighboring  islands  of 
Banca  and  Bilitong;  Cornwall,  England;  Australia,  especially 
New  South  Wales;  Bolivia;  Erzgebirge;  Durango,  Mexico.  A 
little  tin  was  produced  at  Temescal,  San  Bernardino  Co.,  Cali- 
fornia, and  large  amounts  of  money  have  been  spent  in  prospect- 
ing for  Cassiterite  in  Greisen  near  Harney  Peak  and  Custer  City 
in  the  Black  Hills.  Cassiterite  is  really  a  common  mineral,  but 
it  is  too  scattered  to  be  of  value.  It  occurs  as  substitution  pseudo- 
inorphs  ^fter  Qrthoclase,  Quartz,  and  Tourmaline. 
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110.    Potoni^e,  MnOj. 

Tetragonal.  P,  Poo,  ooP,  ooP2.  Often  in  parallel  growths 
Also  forming  the  outer  shell  of  crystals  having  the  form  of  Man- 
ganite.  Cleavage:  ooP,  perfect.  H.  =  6-6.5.  G.  =  4.8-5.  Luster 
metallic.  Color  light  steel-gray  or  iron-gray.  Streak  black. 
Comp.,  Mn63.1,  O  36.9.  Occurs  at  Platten,  Bohemia.  It  is  dis- 
tinguished from  Pyrolusite  by  its  hardness,  and  its  anhydrous 
character.    It  occurs  as  pseudomorph  after  Manganite. 

111.     i?w/i7e,  TiOj. 

Tetragonal.  Crystals  same  as  Cassiterite,  P,  Poo,  ooP,  ooPoo. 
Commonly  prismatic,  vertically  striated  or  furrowed.  Twins: 
(1)  Poo,  often  geniculated  or  knee-shaped,  sometimes  in  sixlings 
and  eightlings  forming  cyclic  twins.  (2)  3Poo,  rare,  in  hearts 
sha^  d  forms.  Crystals  often  acicular  and  hair-like.  Occasion- 
ally compact,  massive.  Cleavage:  ooPx,  ooP,  distinct.  Brittle. 
H.  =  6-6.5.  G.  =  4.18-4.25,  also  5.1.  Luster  metallic-adaman- 
tine. Color  reddish  brown,  passing  into  red;  sometimes  yellow- 
ish and  black;  by  transmitted  light  deep  red.  Streak  pale  brown. 
Transparent  to  opaque.  Refractive  index  and  double  refraction 
extremely  high  and  positive,  e  for  sodium  light  =  2.9029,  w  = 
2.6158.  Comp.,  Ti60,  040,  with  iron  present  up  to  10%.  Varie- 
ties: (1)  Ordinary.  Crystals.  Brownish  red  and  other  shades 
not  black.  Often  as  needles  in  Quartz  and  as  regular  growths 
with  Hematite.  (2)  Ferriferous,  (a)  Nigrine.  Color  black.  Con- 
tains 2-3%  FejOj.  (&)  Ilmenorutile.  Black  from  Ilmen  Mts., 
Russia,  containing  up  to  10%  FejO,  with  a  gravity  of  5.1.  (c) 
Chromiferous.     Grass-green. 

Rutile  occurs  mostly  in  metamorphic  rocks  and  in  sedimentary 
ones  derived  from  them.  It  is  found  in  gneisses,  schists,  granular 
limestones,  and  clay  slates.  In  the  latter  it  is  microscopic  and 
widely  distributed,  with  the  crystals  often  of  such  fineness  that 
they  require  two  to  three  days  to  settle  in  water.  It  occurs  mas- 
sive at  Arendal  and  Kragero,  Norway;  Urals;  St.  Gotthard  and 
Binnenthal,  Switzerland;  at  Graves  Mt.,  Georgia,  with  Lazulite; 
and  at  Magnet  Cove,  Arkansas,  with  Brookite  and  Perovskite.  It 
can  be  made  from  its  chloride  or  fluoride  by  the  action  of  steam, 
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like  Cassiterite.  It  occurs  paramorph  after  Brookite,  and  as 
pseudomorph  after  Hematite.  Rutile  is  \Jised  to  produce  the 
proper  tint  in  artificial  teeth,  also  to  give  a  yellow  color  in 
porcelain  painting. 

112.     PUUtnerUe,  PbOj. 

Tetragonal.  Rarely  in  crystals,  of  prismatic  habit.  Usually 
massive;  sometimes  globular.  H.  =  5-5.5.  G.  =  8.5.  Luster  sub- 
metallic.  Color  iron-black.  Streak  chestnut-brown.  Comp., 
Pb  86.6,  O  13.4.  Occurs  with  lead  ores  at  Leadhills,  Scotland, 
and  at  "As  You  Like"  mine,  Mullen,  Idaho. 

113.    OctahedrUe-Anatasey  TiOi' 

Tetragonal.  Commonly  pyramidal,  either  acute,  P,  or  obtuse, 
^^P.  Also  tabular  with  OP  predominating,  P,  ooPoo.  Cleavage: 
OP,  P,  perfect.  Luster  adamantine  or  metallic  adamantine. 
H.  =  5.5-6.  G.  =  3.8-3.95.  Color  various  shades  of  brown,  pass- 
ing into  indigo-blue  and  black;  greenish  yellow  by  transmitted 
light.  Streak  uncolored.  Transparent  to  nearly  opaque.  Comp., 
Ti  60,  O  40.  Always  found  in  metamorphic  rocks.  In  Switzer- 
land in  the  Binnenthal,  and  at  Tavetsch  in  granular  dolomite  and 
on  cracks  in  gneissoid  rocks. 

114.     Brookite-Arkansite,  TiOj. 

Orthorhombic.  Only  in  crystals  of  varied  habit.  A  com- 
mon form  is  ooP,  ^P.  Sometimes  tabular  after  ooPdb,  which 
with  prism  is  striated  vertically.  H.  =  5.5-6.  G.  =  3.87-4.01 . 
Luster  metallic-adamantine  to  submetallic.  Color  hair-brown, 
reddish  brown,  yellowish,  iron-black.  Streak  uncolored  to  yel- 
lowish. It  occurs  in  Switzerland  at  St.  Gotthard;  near  Miask  in 
the  Urals;  in  large,  thick  crystals  at  Magnet  Cove,  Arkanslus,  with 
Nephelite  Syenites.  It  alters  to  Rutile,  which  is  the  most  stable 
of  the  trimorphous  titanium  dioxides. 

115.     Pyrolusite^MnO^. 
Orthorhombic,  but  perhaps  only  pseudomorphous  after  Man- 
ganite.      Conmionly  polunmar,  often    divergent;    also  granular. 
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massive,  and  frequently  in  reniform  coats.  Soft,  often  soiling 
the  fingers.  H.  =  2-2.5.  G.  =  4.82.  Luster  metallic.  Color  iron- 
black,  dark  steel-gray,  sometimes  bluish.  Streak  black  or  blu- 
ish black.  Opaque.  Comp.,  Mn  63.1,  O  36.9,  usually  with  water 
up  to  3%.  Pyrolusite  is  the  resting  stage  of  all  manganese  ores 
with  which  it  is  found;  also  is  associated  with  iron  ores.  It  is  ex- 
tensively mined  at  Elgersburg  near  Ilmenau,  and  elsewhere  in 
Thuringia.  It  occurs  with  Psilomelane  in  considerable  amounts 
at  Brandon,  Vermont,  and  in  the  Crimora  district  of  Virginia  with 
Limonite;  also  in  Pope,  Pulaski,  and  Montgomery  counties,  Ar- 
kansas. 

DiAspoRE  Group.    R2O3.H2O  or  R"^0(0H).    Orthorhombic. 

116.  Diaspore,  AljOa.HsO.  118.  Manganite,Mii,0,.H,0. 

117.  Gothite,    Fe,0,.HA 

116.    Diaspore,  Alfi^.Rfi. 

Orthorhombic.  Crj'^stals  prismatic;  usually  thin,  flattened, 
parallel  00 PA  and  striated  vertically  in  the  prismatic  zone.  Also 
foliated,  massive,  and  in  thin  scales.  Cleavage:  ooPcfc,  eminent; 
xP3,  less  perfect.  H.  =  6.5-7.  G.  =  3.3-3.6.  Luster  brilliant; 
pearly  on  the  cleavage  face,  elsewhere  vitreous.  Color  white,  gray, 
yellow  to  colorless.  Transparent  to  subtranslucent.  Comp.,  Al^Oj 
85,  H3O  15.  Commonly  found  with  Corundum  and  Emery  in 
metamorphic  rocks,  as  in  the  Grecian  islands  Naxos  and  Samos, 
and  at  Chester,  Mass.,  with  Emery  and  Magnetite. 

117.    G''thite,  FeA-HjO. 

Orthorhombic.  In  prisms  vertically  striated,  and  often  flattened 
into  scales  or  tables  parallel  ooPob.  Also  fibrous,  foliated,  or  in 
scales;  massive,  reniform,  and  stalactitic,  with  concentric  and 
radiated  structure.  Cleavage:  ooPd6,  very  perfect.  Brittle.  H. 
=  5-5.5.  G.  =  4.0-4.4.  Luster  imperfect  adamantine.  Color  yel- 
lowish, reddish,  and  blackish  browTi.  Streak  brownish  yellow  to 
ocher-yellow.  Comp.,  Fe  62.9,  0  27,  Bfi  10.1.  It  occurs  with 
Hematite  and  Limonite,  as  at  the  Jackson  Iron  mine,  Negaunee, 
near  Marquette,  Mich.';  at  Salisbury,  Conn.,  and  in  the  Pike's 
Peak  region,  Colorado. 
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118.  Manganite,  MnjOs-HjO. 

Orthorhombic.  Crystals  prismatic,  OP,  oo  P  with  several  derived 
prisms  whose  oscillatory  combination  causes  deep  vertical  striations 
in  the  prismatic  zone.  Sometimes  terminated  with  pyramids  and 
domes.  Twins:  Po6,  both  contact  and  cruciform.  Crystals  often 
grouped  in  bundles.  Also  columnar,  seldom  granular;  stalactitic. 
Cleavage:  ooPx,  very  perfect,  ooP,  perfect.  Fracture  uneven. 
Brittle.  H.  =  4.  G.  =  4.2-4.4.  Luster  submetallic.  Color  dark 
steel-gray  to  iron-black.  Streak  reddish  brown,  sometimes  nearly 
black.  Comp.,  Mn  62.4,  O  27.3,  HjO  10.3.  It  occurs  in  veins  in 
Quartz  Porphyry  at  Ilefeld,  Harz ;  also  at  Ilmenau  and  Oehren- 
stock,  Thuringia,  and  at  the  Jackson  mine,  Negaunee,  Michigan. 
It  alters  to  Pyrolusite,  Hausmannite,  and  Braunite  by  loss  of 
water.  We  often  notice  that  the  color  comes  off  on  the  label  or 
finger.  This  would  be  impossible  with  a  mineral  having  the 
hardness  4,  and  is  due  to  the  softer  surface  of  Pyrolusite  which 
has  formed. 

1 19.  Limanite,  2¥efi^ .  3HjO. 

Not  crystallized.  Usually  in  stalactitic,  botryoidal,  or  mam- 
millary  forms,  having  a  fibrous  or  subfibrous  structure;  also  con- 
cretionary, massive,  and  sometimes  earthy.  H.  =  5-5.5.  G.  =  3.6-4. 
Luster  silky,  often  submetalUc^  sometimes  dull  and  earthy.  Color 
of  fracture  surface  various  shades  of  brown;  sometimes  with  a  black 
varnish-like  exterior;  when  earthy,  brownish  to  ocher-yellow.  Streak 
yellowish  brown.  Opaque.  Comp.,  Fe  59.8,  0  25.7,  HjO  14.5;  often 
containing  silica,  phosphorous,  manganese,  and  organic  matter. 
Varieties:  (1)  Compact.  Submetallic  to  silky  luster,  often  in  imi- 
tative shapes.  (2)  Ocherous  or  earthy,  brownish  to  ocher-yellow 
Often  impure  from  sand  and  clay.  (3)  Bog  Iron  Ore.  From  marshy 
places  and  lake  bottoms,  generally  porous,  often  petrifying  leaves 
and  wood.  .  It  is  precipitated  from  solution  by  loss  of  carbon  dio- 
xide. (4)  Brown  clay  iron-stone.  In  compact  masses  impure 
from  clay,  often  concretionary,  as  (a)  Pisolitic,  which  are  concre- 
tions the  size  of  small  peas,  or  (6)  Oolitic,  smaller  with  the  size  of 
fish  eggs.  Limonite  is  the  end  product  of  all  iron  ores,  and  is 
found  often  as  a  pseudomorph  after  Pyrite,  Marcasite,  and  Siderite. 
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limonite  in  contact  with  organic  matter  and  carbonic  acid  becomes 
deoxidized  to  Siderite,  and  by  losing  water  is  converted  into  Hema- 
tite or  possibly  Magnetite  in  rare  cases.  It  is  a  common  ore  of  iron. 
In  Norway  and  Sweden  it  is  raked  off  the  lake  bottoms  in  the  winter 
by  means  of  holes  cut  in  the  ice.  It  is  estimated  that  in  25  years 
something  like  5  inches  of  ore  accumulates.  About  12%  of  the  iron 
ore  of  the  United  States  was  Limonite  in  1899,  the  chief  States 
being  Virginia,  Alabama,  Tennessee,  and  West  Virginia. 

120.     Bauxite,  AI2O8.2H2O. 

In  round  concretionary  masses,  pisolitic  or  oolitic;  also  massive, 
earthy,  and  clay-like.  G.  =  2.55.  Color  whitish,  grayish,  ocher- 
yellow,  brown,  and  red.  Comp.,  AljO,  73.9,  HjO  26.1,  generally  im- 
pure from  Hematite,  sometimes  up  k)  50%,  also  silica,  phosphoric 
acid,  lime,  and  magnesia.  Bauxite  has  two  occurrences:  (1)  asso- 
ciated with  limestones  in  nodules,  grains,  and  beds,  and  thought 
to  be  caused  by  precipitation  with  subsequent  concentration  by 
concretionary  action.  Deposits  of  this  nature  are  found  at  Baux. 
near  Aries,  France,  which  contain  up  to  30%  of  Hematite.  Similar 
deposits  are  found  in  Georgia  and  Alabama.  In  Arkansas  it  is 
thought  to  have  been  deposited  from  a  lake  similar  to  lacustrine 
Limonite.  (2)  As  a  result  of  decomposition  of  basic  feldspars  in 
Basalts,  as  at  the  Vogelsberg,  Nassau,  Germany,  and  possibly  in 
New  Mexico,  although  not  mined  to  any  extent.  It  is  now  the 
chief  ore  of  aluminum,  and  is  also  used  in  the  manufacture  of 
alum.  In  1899  Georgia,  Alabama,  and  Arkansas  produced  35,000 
long  tons  of  Bauxite  valued  at  $125,000. 

121.    Brucite,  Mg(OH),. 

Hexagonal,  rhombohedral.  Crystals  broad  tabular  with  OR,  R, 
2R.  Usually  foliated  massive;  fibrous,  fibers  separable  and  elastic. 
H.  =  2.5.  G.  =  2.3-2.4.  Cleavage:  OP,  eminent.  Sectile.  Luster 
pearly  to  vitreous.  Color  white,  gray,  blue,  and  pale  green.  Trans* 
parent  to  translucent.  Comp.,  MgO  69,  HjO  31,  iron  and  man- 
ganese protoxide  being  present.  It  is  found  in  Serpentine  with 
other  magnesian  minerals,  as  at  Hoboken,  N.  J. ;  Tilly  Foster  iron 
mine,  Brewster,  N.  Y.;  Wood's  mine,  Texas,  Penn. 
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122.     ChalcophanUe,  (Mn,Zn)0.2Mn02.2H,0. 

Hexagonal,  rhombohedral.  In  druses  of  minute  tabular  crystals 
with  small  rhombohedral  faces.  Also  in  foliated  aggregates,  in 
stalactitic  and  plumose  forms.  Cleavage:  OP,  perfect.  H.  =  5.  2. 
G.  =  3.9.  Luster  metallic,  brilliant.  Color  bluish  black  to  iron- 
black.  Streak  chocolate-brown,  dull.  Comp.,  MnOj  60.3,  MnO  6.1, 
ZnO  21.1,  HjO  12.5.  It  occurs  at  Franklin  Furnace  and  Sterling 
HiU,  Sussex  Co.,  N.  J.,  as  a  decomposition  product  of  Franklinite. 

123.    PsUomdane,  11^0J<^). 

Massive  and  botryoidal,  reniform,  stalactitic.  H.  =  5-6.  G.= 
3.7-4.7.  Luster  submetallic,  dull.  Color  iron-black  to  dark  steel- 
gray,  with  a  bluish  tinge  at  times.  Streak  brownish  black.  It  is 
a  hydrous  manganese  manganate  with  part  of  the  manganese 
replaced  by  barium  and  potassium,  and  Uke  all  uncrystallized 
material  is  very  impure  and  variable  in  composition.  An  analysis 
from  Thuringia  gave  MnO^  71.6,  MnO  8.2,  BaO  8.5,  CaO  1.1. 
MgO  0.7,  KjO  1.0,  H2O  8.9.  It  is  a  common  ore,  and  is  found 
with  Pyrolusite  and  Limonite  at  Ilefeld,  Harz;  Elgersburg,  and 
elsewhere  in  Thuringia;  at  Brandon,  and  elsewhere  in  Vermont; 
Virginia,  and  in  Independence  Co.,  Arkansas. 

124.     Wad'Bog  Manganese. 

Consists  mainly  of  MnOj  with  MnO,  H2O,  SiO,,  Al^O,,  BaO, 
MgO,  and  some  iron.  Certain  varieties  contain  copper  oxide  up 
to  12%,  more  rarely  nickel  oxide  as  high  as  11%,  with  cobalt 
oxide  amounting  to  30%,  as  at  Mine  la  Motte,  Missouri.  Wad  is 
amorphous,  compact,  reniform,  earthy.  Soft,  with  brownish 
colors  of  diflFerent  shades  to  bluish  black.  G.  =  3-4.26.  Wad  is 
a  decomposition  of  other-  ores.  It  is  abundant  at  Austerlitz, 
Canaan  Centre  and  elsewhere  in  Columbia  and  Duchess  counties, 
N.  Y. ;  also  at  Blue  Hill  Bay,  and  Dover,  Maine.  The  dendritic 
formations  and  brownish  spots  occurring  in  limestones,  sandstones, 
and  along  cleavage  planes  of  many  minerals,  such  as  Spodumene, 
are  commonly  Wad. 
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VI.    OXYGEN-SALTS. 
1.     CARBONATES, 

A.  Anhydrous  Carbonates. 

B.  Acid,  Basic,  and  Hydrous  Carbonates. 

Calcite  Group.    RCO3.    Hexagonal  Rhombohedral.    Isomor- 

PHOUS. 

125.  Calcite,  CaCO,;  angle  RaR  105°    5'. 

106^15';  tetartohedral. 


126.  Dolomite,  (Ca,  Mg)C03; 

127.  Magnesite,  MgCO,; 

128.  Siderite,  FeCO,; 

129.  Rhodochrosite,  MnCO,; 

130.  Smithsonite,       ZnCO,; 


107**  24'. 

lor*. 

107**. 
lOr*  40'. 


The  group  consists  of  light-colored  minerals,  all  cleaving  after 
R,  with  gravities  ranging  from  2.72  to  4.45,  and  a  hardness  of  3-5. 
They  are  completely  isomorphous,  and  one  is  rarely  found  without 
some  of  the  others  present  in  small  quantities. 

125.    Calcite,  CaCO,. 

Hexagonal,  rhombohedral.    There  have  been  over  75  forms 

observed,  producing  much-varied  crystals,  from   acute  to  obtuse 

rhombohedral,  thin  tabular  to  long  prismatic,  and  scalenohedral. 

Some  of  the  most  common  types  are  (1)  00  R,  —  JR  striated,  either 

long  or  short   prismatic;    (2)    00 R,  OR,  from  long  prismatic  to 

3P8 
thin  tabular;    (3)   00 R,  m'R'*'  commonly  R'  or-^/f,    sometimes 

one,  then  the  other,  predominating;  (4)  m'R**'  alone,  or  with  R; 
(5)  R,  with  m'R**',  small;  (6)  -2R;  (7)  -JR  alone.  The  funda- 
mental rhombohedron  R  very  rarely  occurs  alone,  which  is  one 
of  the  means  of  distinguishing  the  other  members  of  the  group 
from  it,  since  they  occur  principally  in  that  form.  JR  occurs  at 
times,  and  resembles  a  cube.  Twins:  (1)  OR,  common,  the  crys- 
tals having  the  same  vertical  axis.  In  scalenohedrons  the  re- 
entrant angles  are  small  and  at  times  filled  up,  but  two  similar 
polar  edges  are  found  together,  instead  of  an  acute  one  under  an 
obtuse,  as  in  simple  crystals.     (2)  —  ^R,  very  connnon,  often  poly- 
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synthetic,  and  in  many  cases  in  rocks  are  secondar\',  due  to  pres- 
sure, since  this  is  also  the  gliding  plane  after  which  artificial  twins 
may  easily  be  made  by  pressing  a  knife  blade  on  an  obtuse  or  polar 
edge.  (3)  R,  not  common;  the  cr\'stals  have  the  vertical  axes 
inclined  at  90°  46'  and  89°  14',  and  have  one  cleavage  face  in  com- 
mon. (4)  -~2R,  rare;  the  axes  intersect  at  angles  of  53°  46' and 
126°  14'.  Also  fibrous,  coarse,  and  fine;  sometimes  lamellar;  often 
granular;  compact  to  earthy;  also  stalactitic,  nodular  and  imita- 
tive shapes.  Cleavage:  R,  highly  perfect.  Parting:  —  iR  due  to 
twinning.  H.  =  3,  but  varying  with  the  direction  on  the  cleav- 
age face;  earthy  kinds  softer.  G.  =  2.72.  Luster  vitreous  to  sub- 
vitreous  and  earthy.  Color  white  or  colorless;  also  pale  shades 
of  gray,  red,  green,  blue,  violet,  yellow  to  brown,  and  black  if  im- 
pure. Streak  white  or  grayish.  Transparent  to  opaque.  Opti- 
cally negative,  with  strong  double  refraction  which  causes  the 
double  image  so  far  apart  as  to  be  easily  perceptible.  To  this 
fact,  together  with  its  softness  and  transparency,  is  due  its  use 
in  making  Nicol  prisms  and  Dichroscopes.  It  gives  a  triangular 
percussion  figure  in  which  two  sides  are  parallel  R,  and  are  cleav- 
ages, while  the  third  is  in  the  horizontal  diagonal  of  R,  namely 
-  iR,  the  gliding  plane.  Temperature  changes  the  angles  on  R ; 
at  0°  C,  RaR=105°  5',  but  at  100°  C.  the  angle  becomes  104° 
57^',  so  that  the  rhombohedron  becomes  more  acute  with  a  longer 
vertical  axis.  Comp.,  CaO  56,  COj  44,  often  containing  Mg,  Fe, 
Mn,  Zn.  Varieties  are  very  numerous:  (1)  Ordinary-.  In  crv'^s- 
tals  and  cleavable  masses.  Dog-tooth  Spar  =  scalenohedrons ; 
Nail-head  Spar  =— JR,  -hJR;  Paper  Spar  =  thin  tables;  Canon 
Si)ar  =  long  prisms;  Iceland  Spar  or  Doubly  Refracting  Spar, 
though  all  Calcite  is  the  same,  is  the  purest  transparent  variety 
found  in  greatest  amounts  in  veins  of  red  mud  in  Basalt  near 
Ilelgustadir  on  the  Eskefiord,  Iceland;  Fontainebleau  limestone 
has  crystals  with  —  2R  containing  50-63^^'  (Quartz  sand.  In  the 
Triassic  rod  sandstones  near  Heidelberg,  (jermany,  there  are  also 
scalenohedral  pseudomorphs  of  sandstone  after  Calcite,  since  the 
latter  has  all  been  dissolved.  Recently  similar  scalenohedrons 
of  large  size  have  l)een  found  as  concretions  in  Tertiary  sandstones 
at  Devil  Hill,  in  the  south-central  portion  of  South  Dakota.  Crys- 
tals vary  from  \  inch  up  to  15  inches  and  contain  64%  sand.     (2) 
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Fibrous  with  silky  luster,  and  called  Satin  Spar,  resembling  the 
variety  of  Gypsum  of  that  name,  but  harder.  Most  Satin  Spar 
is  Gjqjsum.  (3)  Granular  or  Saccharoidal  limestone.  Includes 
most  of  what  is  called  marble,  and  is  a  metamorphosed  sedimentary 
rock.  Coarse  to  fine  grain  of  white,  yellow,  reddish,  and  green 
colors.  Marbles  are  divided  into  (a)  Statuary  marble:  pure 
white,  of  fine  grain  and  firm  texture  as  that  found  at  Carrara,  near 
Modena,  Italy;  Parian  marble  from  the  Isle  of  Paros;  Pentilican 
marble  from  quarries  near  Athens,  (b)  Architectural  marble 
includes  white  and  colored.  Siena  in  yellow-veined  or  clouded 
with  bluish  red.  Verd- Antique  is  clouded  green  from  Serpentine 
which  has  resulted  from  the  decomposition  of  Pyroxenes  and 
Amphiboles.  (4)  Hard  compact  limestone  of  different  colors 
such  as  drab,  bluish  gray,  yellow,  red,  and  black.  Here  belong 
the  yellow  lithographic  limestones  of  intensely  fine  grain  found 
at  Solenhofen,  Bavaria,  as  well  as  most  limestones,  although  many 
are  dolomitic.  (5)  Soft  compact  limestone.  Here  belongs  Chalk, 
which  consists  of  the  shells  of  microscopic  animals  called  Fora- 
minifera,  of  white  to  yellow  colors  and  very  soft.  The  chalk  cliffs 
of  southern  England  are  of  this  nature.  (6)  Concretionary  mas- 
sive. Oolitic  and  pisohtic.  (7)  Deposits  from  water  in  streams, 
geysers,  and  caves,  (a)  Stalactites  and  Stalagmites.  (6)  Cal- 
careous Sinter  or  Tufa,  Travertine.  At  Tivoli,  near  Rome,  are 
thick  deposits  from  the  Anio  River,  which  is  so  highly  charged 
with  lime  that  a  twig  or  leaf  is  rapidly  covered  with  a  stone  coat- 
ing. The  geysers  of  the  Yellowstone  Park,  Iceland,  and  New 
Zealand  also  deposit  Travertine  in  a  similar  manner.  These  de- 
posits are  caused  by  loss  of  carbon  dioxide,  sometimes  assisted  by 
microscopic  plants. 

Calcitc  crystals  are  finest  in  ore  veins  where  it  is  a  common 
ganguc  mineral  or  veinstone,  also  in  cavities  in  limestones,  and 
as  a  decomposition  product  of  igneous  rocks.  Found  in  the  ore 
veins  of  the  Harz,  Erzgebirge,  Alston  Moor  and  Egremont  in  Cum- 
berland, England,  with  Galena  and  Fluorite;  at  Rossie  lead  mine, 
St.  Lawrence  Co.,  N.  Y.,  one  crystal  in  the  Yale  museum  weigh- 
ing 165  pounds;  at  Joplin,  Mo.,  and  elsewhere  in  the  Mississippi 
Valley  with  Sphalerite,  Galena,  and  Dolomite  in  cave  openings  in 
dolomitic  limestones.     It  occurs  as  pseudomorphs  after  Aragonite, 
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Anhydrite,  Gypsum,  Barite,  and  Fluorite.  It  alters  to  Dolomite, 
Siderite,  and  the  other  members  of  the  group,  also  Limonite, 
Calamine,  and  Pyrolusite.  It  effervesces  with  acetic  acid  and 
dilute  hydrochloric  acid  without  warming. 

126.     Dolomite,  (Ca,Mg)C03. 

Hexagonal,  rhombohedral  tetartohedral.  Habit  rhombohe- 
dral;  generally  R  alone,  sometimes  4R.  Rarely  OP,  ooP2,  R  and 
a  rhombohedron  of  the  third  order.  Twins:  (1)  OP,  the  vertical 
axes  common.  (2)  ooP,  which  is  also  a  plane  of  symmetry  for 
the  twin.  (3)  oo  P2,  supplementary  penetration  twins  with  rhom- 
bohedral symmetry.  (4)  R  similar  to  Calcite.  The  R  faces  of 
this  mineral  are  often  curved,  or  made  up  of  sub-individuals,  and 
at  times  have  a  saddle-shape  form.  Also  granular,  coarse  or  fine. 
Cleavage:  R,  perfect.  Brittle.  H.  =  3.5-4.  G.  =  2.8-2.9.  Luster 
vitreous.  Color  white,  pink,  gray,  black.  Transparent  to  trans- 
lucent. Etching  figures  are  asymmetric;  on  some  figures  turned 
toward  the  right,  in  others  to  the  left,  and  at  times  both,  indi- 
cating penetration  twins  after  ocP2.  Composition  for  normal 
Dolomite  is  Ca:Mg:  :1 :1,  CaO30.4,  Mg021.7,  CO247.8,  often  with 
Fe,  Mn,  sometimes  Zn,  since  the  group  is  completely  isomorphous. 
Pearl  Spar  consists  of  curved  rhombohedrons  with  a  pearly  luster. 
Brown  Spar  has  iron,  while  manganiferous  kinds  are  flesh-red. 
Dolomite  does  not  effervesce  in  acetic  acid,  and  only  weakly  with 
cold  dilute  HCl,  but  more  if  warmed.  It  alters  to  Siderite,  Cal- 
amine, Pyrolusite,  Limonite.  Crystals  occur  with  ores  in  the 
Harz  and  Erzgebirge;  with  Sphalerite  at  Joplin,Mo.;  it  is  found 
in  geodes  in  limestones  at  Lockport  and  Niagara  Falls,  N.  Y.  As 
was  mentioned  under  Calcite,  many  if  not  most  limestones  are 
dolomitic.  The  "Dolomites*'  are  mountains  in  southern  Tyrol, 
Austria,  made  up  of  the  mineral,  and  are  thought  to  be  old  coral 
reefs;  in  the  Binnenthal  in  Switzerland  are  metamorphosed  rocks 
or  granular  Dolomite  resembling  marble.  Dolomite  also  occurs 
in  Serpentine  rocks. 

127.     Magnesite,  MgCOg. 

Hexagonal,  rhombohedral.  Generally  in  R,  but  crj-^stals  are 
rare.     Commonly  massive;  granular,  cleavablc  to.  very  compact; 
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earthy.  Cleavage:  R,  perfect.  Fracture  flat  conchoidal.  Brit- 
tle. H.  =  3.5-4.5.  G.  =  3-3.12.  Luster  vitreous  to  dull.  Color 
white,  yellowish,  and  brown.  Transparent  to  opaque.  Comp., 
MgO  47.6,  CO,  52.4,  with  iron  often  present.  It  occurs  in  Talc 
Schists,  and  Serpentine  rocks  which  are  themselves  alteration 
products  from  Amphibolites,  Gabbros,  and  Peridotites.  It  is 
found  at  Kraubat,  Styria;  Frankenstein,  Silesia;  Baldissero,  Pied- 
mont,'Italy;  Snarum,  Norway;  it  is  mined  at  several  places  in 
California  in  Tulare,  Alameda,  Mariposa,  and  Tuolumne  counties, 
where  it  is  found  in  seams  in  Serpentine.  With  acids  it  reacts 
with  more  difficulty  than  Dolomite.  It  is  used  to  make  sulphite 
bleachers  for  wood-pulp  paper  in  place  of  chlorine,  also  as  basic 
brick  for  lining  furnaces,  for  making  Epsom  salts,  and  producing 
carbon  dioxide. 

128.     SiderUe,  FeCOj. 

Hexagonal,  rhombohedral.  Crystals  commonly  R  or  —  iR, 
often  curved  or  built  up  of  sub-individuals,  sometimes  4R,  —  5R, 
~8R,  with  OP.  Twins:  —  JR,  at  times  polysynthetic.  Generally 
cleavable,  massive  to  coarse  or  fine  granular;  botryoidal  and  glob- 
ular forms  with  sub-fibrous  structure  within  and  called  Sphero- 
siderite;  compact  and  earthy.  Cleavage:  R,  perfect.  Brittle. 
H.  =  3.5-4.  G.  =  3.83-3."88.  Luster  vitreous  to  pearly,  sometimes 
almost  splendent.  Color  ash-gray,  yellowish  gray,  sometimes 
white,  but  usually  brownish  to  brownish  red  from  alteration 
to  Limonite  or  Hematite.  Streak  if  unaltered  white.  Trans- 
lucent to  subtranslucent.  Etching  figures  are  partly  symmetrical, 
at  times  however  asymmetric.  Comp.,  FeO  62.1  (Fe  48.2),  COj 
37.9.  Mn,  Mg,  and  Ca  are  sometimes  present.  It  is  slowly  acted 
upon  by  cold  HCl,  but  dissolves  rapidly  in  hot  acid.  It  alters  to 
Limonite  and  Hematite,  sometimes  Magnetite.  It  occurs  in  ore 
veins  in  the  Harz  and  at  Freiberg  with  silver;  in  Cornwall  with 
tin;  with  Cryolite  in  Greenland;  Roxbury,  Conn.,  with  Quartz;  it 
occurs  concretionary  as  argillaceous  carbonate  in  beds  and  nodules 
in  Carboniferous  rocks  in  Ohio,  Kentucky,  West  Virginia,  Penn- 
sylvania, and  England,  and  is  called  Clay  Ironstone,  and  is  par- 
tially altered  to  Limonite.    When  mixed  with  bituminous  matter 
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it  is  called  Black  Band  Ore.  It  also  occurs  in  Ordovician  rocks 
in  basins  near  Burden,  Columbia  Co.,  N.  Y.  Carbonate  ores  are 
easily  worked,  but  they  are  not  important,  less  than  one  per  cent, 
of  the  United  States  iron  coming  from  this  source,  and  that  pro- 
duced chiefly  in  Ohio.  In  England  the  Black  Band  is  quite  im- 
portant, sometimes  being  mined  with  the  coal  in  the  same  shaft. 

129.    Rhodochrosite,  MnCO,. 

Hexagonal,  rhombohedral.  Crystals  R,  sometimes  —  JR,  often 
curved  faces.  Crystals  not  common.  Usually  cleavable,  massive 
to  granular  and  compact;  also  globular;  incrusting.  Cleavage: 
R,  perfect.  H.  =  3.5-4.5.  G.  =  3.45-3.6.  Luster  vitreous  to 
pearly.  Color  shades  of  rose-red,  yellowish  gray,  dark  red,  brown, 
and  sometimes  black  from  alteration  to  Pyrolusite.  Streak, 
if  unaltered,  white.  Translucent  to  subtranslucent.  Comp., 
MnO  61.7,  COj  38.3.  Iron  is  usually  present,  at  times  with  the 
rest  of  the  group.  It  occurs  commonly  in  veins  with  ores  of  silver, 
lead,  copper,  and  manganese.  Found  at  Schemnitz  and  Kapnik, 
Hungary;  Freiberg,  Saxony;  in  fine  crystals  at  Alicante,  Lake 
Co.,  Col.;  Butte,  Mont.;  and  at  Frankhn  Furnace,  N.  J 


130.     Smithsoniie,  ZnCOg. 

Hexagonal,  rhombohedral.  Crystals  R  with  faces  rough  or 
curved.  Rarely  well  crystallized.  Rcniform,  stalactitic;  incrus- 
tations; granular,  earthy,  and  friable.  Cleavage:  R,  perfect. 
H.  =  5.  G.  =  4.3-4.45.  Luster  vitreous  to  dull.  Color  white, 
grayish,  greenish,  brownish  white,  yellowish,  sometimes  green, 
blue,  and  brown.  Streak  white.  Subtransparent  to  translucent. 
Comp.,  ZnO  64.8,  COj  35.2.  Fc,  Mn  often  present,  also  Ca,  Mg  at 
times,  and  rarely  Cd.  The  porous  kinds  are  called  Dry  Bones  Ore. 
It  occurs  as  an  oxidation  product  of  zinc  ores,  and  is  found  in 
large  quantities  in  dolomitic  limestones  where  it  results  from  Sphal- 
erite; also  foimd  in  ore  veins  from  the  same  source.  In  contact 
with  alkaline  silicates  changes  to  Calamine.  Mined  at  Bleiberg 
and  Raibl,  Carinthia;  Wiesloch  in  Baden,  Altenberg,  and  Silesia, 
Germany;  Friedensville,  Penn.;  Mineral  Point,  Wis.;  and  south- 
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western  Missouri,  where  it  is  sometimes  colored  yellow  by  Green- 
oekitc  and  called  "turkey-fat"  ore. 

Aragoxite  Group.    RCOs.    ORTHORHOMmr.    Isomorphous 

131.  Aragonite,  CaCOj;  angle,  ooP  116*^42'. 

132.  Witherite,  BaCO,;      "        "    117*^48'. 

133.  Strontianite,  SrCO,;       *'        '*    WT  W 

134.  Cerus8it€,  PbCOai      *'        "     117^14'. 

131.     A  ragonite,  CaCO,. 

Orthorhombic.  Since  the  prismatic  angle  approaches  120° 
we  find  forms  occurring  w^hich  tend  to  cause  a  hexagonal  appear- 
ance. There  are  several  ty^es,  either  prismatic  or  acicular  from 
the  presence  of  acute  domes  and  pyramids.  (1)  ooP,  ooP*,  P*, 
at  times  with  P,  either  long  or  short  prismatic.  (2)  ooP,  ocPdb, 
6P|,  6Pc5b,  Pd6,  and  still  steeper  forms  occur,  such  as  24  P  with 
24IP50.  (3)  00 P,  00 PA,  OP  with  the  appearance  of  a  hexagonal 
prism  and  base,  which,  however,  is  striated  parallel  d.  Twins:  ooP, 
Aragonite  law  extremely  common;  usually  contact,  also  penetra- 
tion, polysynthetic,  and  cyclic,  which  increases  the  hexagonal 
appearance  of  the  mineral.  In  most  cases  a  very  obtuse  re-en- 
trant angle  is  noticeable  in  the  prismatic  zone,  though  at  times 
it  is  filled  up.  One  of  the  frequent  twdns  is  a  penetration  trilling 
which  produces  a  sixfold  feather-like  striation  on  OP,  or  at  least 
divides  it  into  six  parts.  Such  are  frequent  in  the  sulphur  de- 
posits of  Sicily,  and  from  Molina,  Aragon,  Spain.  Also  globular, 
reniform,  and  coralloidal  shapes;  sometimes  columnar,  composed 
of  straight  or  divergent  fibers;  also  stalactitic;  incrusting.  Cleav- 
age: ooPdb,  distinct,  however  generally  not  noticeable  on  speci- 
mens. Fracture  subconchoidal.  Brittle.  H.  =  3.5-4.  G.  =  2.93- 
2.95.  Luster  vitreous,  inclining  to  resinous  and  rather  greasy 
on  fracture  surfaces.  Color  white,  also  gray,  yellow,  green,  and 
violet.  Streak  white.  Transparent  to  translucent.  Comp., 
CaO  56,  CO2  44,  with  sometimes  a  little  strontium  and  lead. 
Varieties:  (1)  Ordinar}'.  Crystals.  Often  acicular  in  radiating 
groups;  also  in  fine  fibers  with  a  silky  luster  called  Satin  Stone 
or   Satin   Spar     (2)     Massive;   stalactitic;   concretionar}'.     Here 
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belong  the  deposits  of  hot  springs,  and  the  pisolitic  forms,  as  at 
Karlsbad,  Bohemia.  (3)  Flos-ferri.  Coralloidal  in  groupings  of 
delicate  interfacing  stems  of  snow-white  color.  It  has  been  found 
by  experiment  that  Aragonite  will  deposit  from  warm  dilute  car- 
bonated solutions  of  calcium,  sometimes  with  Calcite,  but  if  the 
solution  is  cold,  Calcite  is  always  formed.  This  agrees  with  the 
occurrence  of  Aragonite  with  hot  springs  and  geysers.  Aragonite 
is  never  found  in  large  rock-forming  masses,  but  occurs  as  above 
mentioned,  also  with  beds  of  Gypsum,  iron  ore,  in  amygd^loidal 
cavities  in  lavas,  especially  Basalts,  as  a  decomposition  product, 
and  in  many  moUusks,  shells  of  Aragonite  rather  than  Calcite  are 
secreted.  It  is  found  at  Molina,  Aragon,  Spain,  with  Gypsum, 
where  it  was  first  discovered ;  with  Sulphur  and  Gypsum  in  Sicily ; 
in  Limburgite,  at  Sasbach,  Kaiserstuhl  Mts.,  Baden,  Germany;  as 
Sprudelstein  from  the  hot  springs  at  Karlsbad,  Bohemia;  as  Flos- 
ferri  with  iron  at  Eisenerz,  Styria;  and  as  fine  crystals  in  Basalt 
at  Horschenz,  Bohemia.  When  heated  at  300°  C.  transparent 
Aragonite  crystals  become  dull,  and  fall  into  a  crystalline  powder, 
which  when  examined  with  a  microscope  is  found  to  consist  of 
rhombohedrons,  which  means  that  it  has  changed  to  Calcite,  a 
more  stable  molecular  arrangement.  In  nature  paramorphs  of 
Calcite  after  Aragonite  are  not  uncommon,  but  the  reverse  change 
is  rare. 


132.     Witherite,  BaCO,. 

Orthorhombic.  Crystals  always  apparently  hexagonal  pyra- 
mids, but  are  actually  penetration  twins  of  three  individuals  after 
00  P,  sometimes  with  a  lamellar  structure  parallel  to  the  same  plane. 
A  section  parallel  OP  will  show  six  divisions  similar  to  Aragonite. 
They  may  also  be  considered  as  cyclic  twins  of  six  individuals, 
and  in  some  books  are  given  as  such,  but  either  explanation  suf- 
fices. The  same  remark  applies  to  Aragonite.  Crystal  faces  are 
rough  and  horizontally  striated.  Also  in  globular  and  botryoidal 
forms  with  columnar  or  granular  structure.  Cleavage:  ooPob, 
distinct.^  H.  =  3-3.75.  G.  =  4.29-4.35.  Luster  vitreous  inclining 
to    resinous    on    fracture    surfaces,    which    are    uneven.       Color 
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white,  often  yellowish  to  grayish.  Streak  white.  Subtransparent 
to  translucent.  Comp.,  BaO  77.7,  COj  22.3.  Occurs  at  Alston 
Moor,  Cumberland,  England,  with  Galena  in  veins  in  Carbonifercus 
rocks;  in  large  quantities  at  Fallowfield  near  Hexham,  Northum- 
berland, England,  where  it  is  mined  to  make  barium  compounds 
for  chemical  purposes;  also  near  Lexington,  Ky.,  with  Barite,  and 
in  a  silver-bearing  vein  near  Rabbit  Mt.,  Thunder  Bay,  Lake  Su- 
perior.   It  alters  to  Barite  by  the  action  of  sulphate  solutions. 


133.    Strordianite,  SrCOj. 

Orthorhombic.  Forms  similar  to  Aragonitc  with  ooP,  ooPJil , 
mP,  mPo6  sometimes  steep.  Twins:  ooP,  very  common,  usually 
contact,  sometimes  repeated.  Commonly  acicular  in  bundle- 
like  groups.  Also  in  colunmar  globular  forms;  fibrous  and  gran- 
ular. Cleavage:  ooP,  nearly  perfect.  H.  =  3.5-4.  G.  =  3.68- 
3.71.  Luster  vitreous,  inclining  to  resinpus  or  uneven  fracture 
faces.  Color  white,  gray,  yellow,  green.  Streak  white.  Trans- 
parent to  translucent.  Comp.,  SrO  70.1,  C{\  29.9,  with  some- 
times a  little  calcium.  It  is  used  in  the  preparation  of  strontium 
salts,  in  fireworks,  and  in  the  manufacture  of  sugar.  It  was  first 
found  in  veins  with  Barite  and  Galena  in  Gneiss  at  Strontian,  Ar- 
gyllshire, Scotland;  at  Hamm,  Westphalia,  Germany,  it  is  mined 
in  veins  in  cretaceous  clay;  at  Schoharie  and  Muscalonge  Lake, 
N.  Y.,  it  is  found  in  geodes  and  cavities  in  limestone.  It  alters  to 
Celestitc  on  contact  with  sulphate  solutions. 


134.     Cerussite,  PbCOg. 

Orthorhombic.  Crystals  with  ooP,  ooPob,  mPa6,  mP.  Gener- 
ally tabular  after  xPofc,  sometimes  prismatic  along  the  d  axis,  and 
rarely  pyramidal.  Brachydome  faces  and  ooPob  horizontally  stri- 
ated parallel  d.  Twins:  (1)  oc P,  very  common  as  contact  and  pene- 
trations. Frequently  three  tabular  crystals  by  penetration  form 
stellate  groups.  (2)  ocP3,  less  common.  Crystals  are  generally 
grouped  in  clusters.  Often  granular,  massive,  and  compact; 
earthy,  stalactitic,  rarely  fibrous.     Cleavage:   ooP,  2Po5,  distinct. 


512  GENERAL  AND  SPECIAL  MiNERALOGY 

Fracture  conchoidal.  Very  brittle.  H.  =  3-3.5.  G.  =  6.46-6.57. 
Luster  adamantine  inclining  to  vitreous,  resinous,  or  pearly.  Color 
white,  gray,  yellowish,  grayish  black,  sometimes  blue  or  green  from 
copper  salts.  Streak  uncolored.  Transparent  to  subtransparent. 
Comp.,  PbO  83.5,  COj  16.5.  It  accompanies  the  ores  of  lead  above 
the  w^at«r-line.  Galena  alters  to  PbSO^,  which  is  acted  upon  by 
carbonated  waters,  probably  calcium  bicarbonate,  and  converted 
into  PbCOg.  Found  at  Monte  Poni,  Sardinia;  near  Ems,  Ger- 
many; in  England  in  Derbyshire  and  Cornwall;  in  large  ore  bodies 
formerly  at  Leadville,  Colorado,  which  was  called  the  Carbonate 
Camp.     It  alters  to  Pyromorphite,  Minium,  and  Galena. 

135.     Malachite,  CuCOg.CuCOH)^. 

Monoclinic.  xPob,  ocP,  ocPcc^OP.  Twins:  ooPob  very  com- 
mon. Crystals  usually  slender,  acicular  prisms,  grouped  in  tufts 
and  rosettes.  Form  seldom  distinct,  and  vertical  faces  striated 
parallel  d.  Commonly  massive  or  incrusting  with  surface  botryoidal 
or  stalactitic,  and  structure  divergent;  often  compact  fibrous  to 
granular  and  earthy.  Cleavage :  OP,  perfect ;  cac  Poo  less  so.  H.= 
3.5-4.  (J.  =  3.9-4.03.  Luster  of  crystals  adamantine  to  vitreous; 
of  fibrous  kinds,  silky;  often  dull  and  earthy.  Color  bright  green. 
Streak  paler  green.  Transparent  to  subtranslucent  •and  opaque. 
Comp.,  CuO  71.9,  COj  19.9,  HjO  8.2.  Malachite  is  the  end  product 
of  all  copper  ores,  and  occiu-s  in  the  upper  levels  of  copper  mines 
as  pseudomorphs  after  all  copper  compounds.  It  is  most  frequently 
associated  with  Limonite,  indicating  Chalcopyrite  as  the  source. 
Massive  Malachite  Ls  used  for  table  tops,  mantels,  vases,  and  other 
ornaments;  also  used  as  a  pigment,  but  chiefly  as  ore.  It  is  mined 
massive  near  Nischne  Tagilsk,  L>als,  for  ornamental  purposes,  one 
collection  in  St.  Petersburg  receiving  a  specimen  weighing  1^  tons 
with  a  value  of  $250,000;  also  in  masses  at  Copper  Queen  mine, 
Bisbee,  and  Humming  Bird  mine  near  Morenci,  Arizona. 

136.     Azurite,  2CuCOs . CuCOH)^. 

Monoclinic.  oo Px ,  oo P,  OP,  P,  —  2P.  Crystals  varied  in  habit ; 
often  tabular  after  OP;   also  prismatic  parallel  i  and  6.     Twins: 
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Fczzan  Province,  Africa,  forming  thin  crusts  near  salt  lakes.  Urao 
is  a  variety  found  at  the  bottom  of  a  lake  at  Lagunilla,  Vene- 
zuela. An  extensive  bed  is  found  in  Churchill  Co.,  Nevada;  in 
fine  crystals  at  Borax  Lake,  San  Bernardino  Co.,  and  by  spon- 
taneous evaporation  of  the  salt  waters  of  Owen's  Lake,  Inyo  Co., 
California. 


VL    OXYGEN  SALTS. 

2.    SILICATES. 
A.  Anhydrous  Silicates.  B.  Hydrous  Silicates. 

A.  Anhydrous  vSjlicates. 

I.  Disilicates,  Polysrilicates.  III.  Orthosilicates. 

II.  Metasilicates.  IV.  Subnlicates. 

Silicates  are  salts  of  different  silicic  acids,  some  of  which  exist 
only  in  their  salts. 

DisiUcates,  RSijOg,  are  salts  of  disilicic  acid,  HjSijOg,  and  have 
an  oxygen  ratio  of  silicon  to  bases  of  4 : 1 ,  as  is  seen  if  the  formula 
is  written  after  the  dualistic  method,  R0.2Si02. 

Polysilicates,  RjSigOg,  are  salts  of  H^SijO^  with  an  oxygen  ratio 
of  3:1  (2R0.3Si02),  whence  they  are  sometimes  called  trisilicatos. 

Metasilicates,  RSiOg,  are  salts  of  metasilicic  acid,  HjSiO,.  When 
written  dualistically,  RO.SiO^,  it  is  seen  that  the  oxygen  ratio  is 
2:1,  and  by  some  they  are  called  bisilicates.  Orthosilicates,  R2Si04, 
are  salts  of  H^SiO^,  and  are  also  written  2R0 .  SiOj.  Here  the  oxygen 
ratio  is  1 : 1,  and  they  are  sometimes  called  unisilicates.  Where  the 
ratio  of  basic  oxygen  to  acid  is  4:3,  3:2,  the  compounds  are  called 
subsilicates.  As  can  be  seen,  the  silicates  have  been  written  in 
order  of  their  acidity,  those  at  the  beginning  having  most  silica, 
while  those  at  the  end  have  most  bases.  The  most  frequent  minerals 
are  meta-  and  orthosilicates,  although  part  of  the  Feldspars  arc 
polysilicates.  In  some  cases  compounds  do  not  conform  strictly  to 
any  of  the  above  groups,  and  in  other  instances  the  true  interpre- 
tation of  the  composition  is  doubtful,  so  that  the  above  classifica- 
tion cannot  always  be  adhered  to.  Furthermore,  within  the  limits 
of  a  single  group  of  species  there  may  be  a  wide  variation  in  the 
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proportion  of  the  acidic  element  as  in  the  Feldspars  and  Scapolites, 
where  molecules  called  polysilicates  are  isomorphous  with  ortho- 
silicates.  Among  the  Micas  there  are  also  similar  discrepancies, 
and  the  true  character  of  many  salts  is  by  no  means  clear. 

Feldspar  Group.    Moxoclinic,  Triclinic. 


MONOCLI  NIC. 

Hardness. 

Gravity. 

140. 

Orthoclase, 

KAlSiA 

6 

2.54-2.57 

141. 

Hyalophane, 

(K„Ba)Al^iA. 

TRICLINIC. 

6-6.5 

2.805 

142. 

Microcline, 

KAlSijOs 

6-6.5 

2.54-2.57 

143. 

Anorthoclase 

(Na,K)AlSi,0« 

6-6.5 

2.57-2.60 

PLAOIOCLASE 

OR   ALBITE-ANORTHITE   SERIES 

144. 

Albite, 

NaAlSijOg 

6-6.5 

2.62-2.65 

145. 

Oligoclase, 

Ab^Ani — AbjAn, 

6-7 

2.65-2.67 

146. 

Andesine, 

Ab^Anj — AbjAn, 

5^6 

2.67-2.69 

147. 

Labrador!  te, 

AbiAiii — AbjAng 

5-6 

2.69-2.72 

148. 

Bytownite, 

AbjAn, — AbiAn, 

5-6 

2.72-2.74 

149. 

Anorthite, 

CaAljSijOg 

6-6.5 

2.74-2.76 

Although  crystaUizing  in  difiFerent  systems  the  angles  and  gen- 
eral habit  of  crystals  are  nearly  the  same.  They  also  have  prac- 
tically the  same  twinning  laws.  Crystals  are  bounded  by  OP, 
00  P*^  respectively  xPob,  ocP,  mPoo.  All  cleave  good  after  OP 
and  00 P*,  giving  an  angle  near  90°  between  the  cleavage  planes. 
H.  =  5-6.5.  G.  =  2.54-2.8.  Colors  white,  yellowish,  reddish,  green, 
brown.  They  are  primarily  silicates  of  aluminum,  with  potassium, 
sodium,  or  calcium,  and,  rarely,  barium.  Albite  and  Anorthite 
are  isomorphous,  forming  the  Plagioclase  series  wdth  certain  pro- 
portions of  Albite  (Ab)  and  Anorthite  (An).  Orthoclase  and 
Albite  are  also  isomorphous,  forming  the  Anorthoclase  series. 

140.     Orthoclase,  KAlSijOg. 

Monoclinic.  About  36  forms  have  been  observed,  but  usually 
crystals  are  bounded  by  OP,  ooPoo,  ooP,  Poo,  or  2Pdo,  and  some- 
times P,  2P'S.  Crystals  prismatic  after  c  axis,  also  a  axis,  and 
sometimes  tabular  after  ooPoo.    T\Ndns:   (1)  Carlsbad  law;   twin- 
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ning  plane  ooPw,  as  irregular  penetrations  or  contact  with  ooPoo 
perpendicular  to  the  twinning  plane  serving  as  composition  face. 
In  twinning  position  OP  and  P66  are  nearly  in  the  same  plane,  so 
that  cleavage  pieces  will  be  divided  into  two  portions,  one  side  being 
smooth  and  shining  on  account  of  basal  cleavage,  while  the  oth(  r 
is  a  fracture  and  is  rough  and  dull.  Carlsbad  twins  are  very  com- 
mon, and  occur  on  crystals  elongat<3d  parallel  c  or  tabular  after 
00 Poo.  (2)  Baveno  law;  twinning  plane  2Pob.  Occurs  in  square 
prisms  prismatic  after  the  a  axis  with  OP  and  ooPoo  large.  Here 
the  two  faces  of  OP  are  contiguous  and  form  an  angle  of  89°  53' 
with  a  seam  nmning  througji  the  diagonal  of  a  square  section  at 
both  extremities  showing  the  composition  face.  Often  repeated  as 
fourlings.  (3)  Manebach  law.  OP  as  twinning  plane  and  compo- 
sition face  in  contact  twins.  Also  generally  occurs  in  crystals  pris- 
matic after  the  a  axis,  sometimes  forming  compound  twins  with 
Baveno  law.     Manebach  law  is  not  common. 

OP  and  Poo  are  often  striated  in  the  direction  of  the  b  axis,  and 
are  united  in  oscillatory  combination  forming  flat  or  rounded  sum- 
mits. Pcx)  is  usually  rough.  ooPob  occurs  but  rarely,  out  of  six 
hundred  crystals  only  three  being  found  from  Elba  having  that 
plane.  Oft^n  massive,  coarsely  cleavable  to  granular;  sometimes 
lamellar.  Cleavage:  OP,  perfect;  oo Poo,  somewhat  less  so.  Part- 
ing 8Poo  inclined  a  few  degrees  to  ooPco,  and  may  cause  opales- 
cence or  change  of  color.  Fracture  conchoidal  to  uneven.  Brittle. 
Luster  vitreous,  on  OP  often  pearly.  Colorless,  white,  pale  yellow, 
flesh-red  are  common,  with  sometimes  gray  and  green.  Streak 
uncolored.  Low  refractive  index  and  double  refraction.  Comp., 
KjO  16.9,  AlA  18.4,  SiOj  64.7,  with  soda  present  up  to  7%. 
Varieties:  (1)  Ordinary.  In  cr^^stals  and  cleavable  masses  such  as 
are  found  in  Granites,  Syenites,  Gneisses,  and  Pegmatite  dikes. 
(2)  Sanidine,  or  glassy  Orthoclase.  Occurs  in  crystals,  often  trans- 
parent and  glassy  in  volcanic  rocks  like  Rhyolites,  Trachytes,  and 
Phonolites.  As  a  rule  it  contains  more  soda  than  Orthoclase,  though 
the  chief  difference  is  probably  one  of  age,  which  affects  the  appear- 
ance, though  not  necessarily  due  to  weathering.  (3)  Adularia; 
Nearly  pure  potash  feldspar  bounded  by  ooP,  OP,  P do,  with  oscil- 
latory combination  of  the  last  two  forms,  producing  striations  paral- 
lel to  the  b  axis.     Transparent  or  nearly  so.     Often  with  an  opal- 
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o.sc(nit  reflection  or  schiller  parallel  HP*,  aocoiupanied  sometimes 
by  a  change  of  color.  Such  varieties  are  called  Moonstone,  mcst 
of  which,  however,  Ix^longs  to  Albite.  It  is  found  in  veins  and  crack?? 
in  Gneisses  and  Schists  in  the  St.  Gotthard  region  of  Switzerland, 
especially  on  Mt.  Fibia,  and  in  the  Maderanerthal.  (4)  Perthite  is 
a  flesh-red  aventurine  Feldspar  consisting  of  a  regular  growth  of 
Albite  lamina*  in  Orthoclase  in  such  a  manner  that  both  have  {010} . 
and  the  vertical  axis  is  common.  This  intergrowth  becomes  very 
fine,  and  is  then  called  Microperthite.  It  is  of  very  frequent  oc- 
currence in  rocks,  and  many  analyses,  presumably  of  Orthoclase, 
are  really  of  Perthite,  so  that  in  accurate  work  the  material  should 
be  microscopically  examined  before  analyzing.  At  times  the  inter- 
growth is  so  fine  that  it  cannot  be  perceived  with  the  microscope, 
and  is  then  calted  Cryptoperthite,  as  in  the  case  of  the  schillering 
Feldspar  from  Friedrichsvam,  Norway.  Orthoclase  is  not  acted 
upon  by  acids,  but  weathers  to  Muscovite  Mica,  also  called  Sericite, 
and  Kaolin,  the  alkalies  being  partially  or  wholly  removed  as  al- 
kaline carbonates  or  silicates  by  percolating  waters  charged  with 
carbon  dioxide.  Talc,  Cassit^rite,  and  Calcite  are  also  found  at 
times  pseudomorph  after  Orthoclase.  Orthoclase  is  found  in  fine 
cr>^stals  in  the  St.  (Jotthard  region;  Baveno  on  Lake  Maggiore, 
Italy;  Carlsbad  in  Bohemia,  Austria;  Sanidine  in  the  Trachyte 
at  Drachenfels  on  the  Rhine,  near  I^onn,  Germany;  with  Ber}d  in 
Pegmatite  dikes  at  Acworth,  N.  H.;  Kokomo,  Colomdo,  often  as 
Kaolin  pseudomorphs. 

141.    HycUophane,  {Kj,B8i)Al^SiS)i2' 

Monoclinic.  Crystals  like  Adularia.  Also  massive.  Geavage: 
Like  group.  H.  =  6-6.5.  G.  =  2.805.  Colorless  to  white,  also  flesh- 
red.  Comp.,  KjO  10.1,  BaO  16.4,  AlA  21.9,  SiO,  51.6.  Is  rare. 
Found  in  granular  Dolomite  near  Imfeld,  Binnenthal,  Valais, 
Switzerland,  with  Barite,  Tourmaline,  Mica,  and  Sphalerite. 


142.     Microdine,  KAlSijOj. 

Triclinic.    Angle  OPAxPdc  Is  90°  30-35'.     Habit  and  angles 
near  Orthoclase.    Twins  after  three  monoclinic  laws,  also  polysyn- 
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thetic  after  the  Albite  and  Pericline  laws,  producing  two  sets  of 
fine  striations  on  OP  and  Poo  at  right  angles,  but  only  one  set  en 
00  PA.  Simple  crystals  without  twinning  rarely  occur.  Also  mas- 
sive cleavable  to  granular  compact.  H.  =  6-6.5.  G.  =  2.54-2.57. 
Luster  vitreous  to  pearly.  Color  white,  cream  yellow,  red,  green. 
Composition  same  as  Orthoclase,  K^O  16.9,  AljO,  18.4,  SiOj  64.7. 
Varieties:  (1)  Ordinary.  Crystals  and  cleavable  masses,  occurring 
in  Pegmatite  dikes.  Granites,  Syenites,  and  Gneisses.  In  most 
cases  it  resembles  Orthoclase,  and  can  be  distinguished  from  it  only 
by  optical  means,  unless  the  double  lattice  work-like  twinning 
striations  can  be  seen.  Much  of  the  material  called  Orthoclase 
has  been  found  to  be  Microcline.  (2)  Amazon  Stone,  or  Amazonit^. 
Bright  verdigris-green,  often  coated  with  Albite  crystals,  forming 
a  regular  growth  similar  to  Perthite.  This  growth  of  Albite  some- 
times occurs  internally,  and  is  called  Microcline-Perthite,  or  Micro- 
cline-Microperthite.  Color  has  been  supposed  to  be  due  to  copper 
phosphate.  It  disappears  on  heating.  Fine  crystals  are  found  in 
the  Granites  of  the  Pike's  Peak  region  near  Florissant,  El  Paso  Co., 
Colo.  It  is  also  found  massive  near  Amelia  Court  House,  Virginia, 
with  Albite  and  Muscovite  in  Pegmatite,  from  which  place  the 
Feldspars  are  shipped  to  Trenton,  N.  J.,  for  use  in  pottery  manu- 
facture.    It  also  occurs  in  Granites  at  Franklin  Furnace,  N.  J. 


143.     Anorthocla^e,  (Na,K)AlSisOa. 

Triclinic.  Occurs  only  in  rocks.  It  has  a  cleavage  angle  nearly 
90®.  G.  =  2.57-2.60.  Other  properties  like  the  rest  of  the  group 
in  most  respects.  Composition  variable,  with  soda  predominating" 
over  potash,  and  a  little  calcium  being  present.  It  is  found  in  the 
Soda-Rhyohtes,  called  Pantellerites,  on  the  island  of  Pantelleria 
in  the  Mediterranean ;  also  in  the  Augite  Syenite  of  southern  Nor- 
way, and  the  ''Rhomben-porphyr''  from  Christiania.  Anorthoclase 
is  rather  a  group  name  like  Plagioclase,  and  may  be  regarded  as 
produced  by  the  isomorphism  of  Orthoclase  and  Albite  in  different 
proportions. 
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144.    il/W/e,  XaAlSijO,. 

Triclinic.  Faces  about  the  same  as  Orthoclase,  the  angle  from 
OP  to  ocPcfc  being  86''  24'.  Cn-stals  frequently  tabular  after 
xPdk  ;  also  prismatic  parallel  to  the  c  axis,  and  elongated  in  the 
b  axis  in  the  case  of  Pericline.  Simple  cn'stals  rare.  Twns: 
(1)  Carlsbad;  (2)  Baveno,  and  (3)  Manebach  laws  of  Orthoclase; 
also  (4)  Albite  law.  cscPdb  as  twinning  plane  and  composition 
face;  polysynthetic,  producing  striations  on  the  base  which  is  the 
better  cleavage  face  where  the  re-entrant  angle  is  hardly  notice- 
able, being  about  173°.  (5)  Pericline  law.  Thinning  axis  the 
macrodiagonal  6,  with  twinning  plane  not  a  possible  crj^stal  face, 
but  normal  to  the  edge  from  OP  to  ocPx  ;  composition  face  is  the 
rhombic  section  which  is  a  plane  passing  through  the  crystals  so 
that  the  plane  angles  from  the  prism  to  brachypinacoid  on  each 
side  are  equal.  This  varies  with  the  angle  ^,  which  in  turn  varies 
with  chemical  composition,  in  Albite  being  inclined  downward 
toward  the  rear  at  an  angle  of  22°  with  the  base.  This  produces 
striations  on  xPo6  inclined  in  that  manner,  and  on  OP  and  Poo 
at  right  angles  to  those  after  the  Albite  law.  Also  massive,  either 
lamellar  or^  granular;  the  laminae  often  curved,  sometimes  di- 
vergent; granular  varieties  occasionally  quite  fine  to  impalpable. 
Cleavage:  OP,  perfect;  xPoc  somewhat  less  so.  Fracture  uneven 
to  conchoidal.  Brittle.  H.  =  6-6.5.  G.  =  2.62-2.65.  Luster  vit- 
reous, OP  often  pearly.  Color  white;  also  occasionally  bluish, 
gray,  reddish,  and  greenish.  Often  a  bluish  change  of  color  on 
ocPcJt,  possibly  due  to  microscopic  parting  after  8Poo.  Streak 
uncolored.  Transparent  to  subtranslucent.  Comp.,  NajO  11. 8* 
AljOg  19.5,  Si()2  6S.7.  Calcium  is  usually  present  in  small  amounts 
grading  over  to  Oligoclase.  Potash  is  also  present  at  times,  but 
is  not  constant.  A'arietics:  (1)  Ordinary.  In  cr}'stals,  and  mas- 
sive. Crystals  often  tabular  parallel  ooPX.  The  massive  forms 
are  usually  pure  white,  and  often  show  curved  laminae.  (2) 
Pericline  is  found  in  cracks  in  the  Schists  of  the  Alps  in  opaque 
white  crystals,  often  large  with  a  characteristic  elongation  in  the 
direction  of  the  b  axis  with  ocP,  ocP db  small,  and  OP,  Poo,  large, 
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often  twinned  after  the  Pericline  law,  and  show^ing  a  re-entrant 
angle  on  ooPoo  which  is  so  obtuse  as  to  be  barely  perceptible.  (3) 
Moonstone  is  simply  any  variety  of  Albite  which  shows  the  light 
blue  change  of  color  on  the  brachypinacoid,  at  right  angles  prac- 
tically to  the  better  cleavage  face,  OP,  which  shows  the  polysynthetic 
striations  "after  the  Albite  law.  This  may  be  due  to  microscopic 
parting  after  8Poc,  or  to  inclusions  which  cause  the  reflection  and 
interference  of  the  light.  Moonstone  is  used  for  ornaments.  Al- 
bite is  a  constituent  of  many  rocks  such  as  Granites,  Diorites,  Neph- 
elite  Syenites,  Rhyolites,  Andesites,  and  Pegmatite  dikes.  Fine 
crystals  are  found  in  the  Swiss  and  Austrian  Alps  in  crevices  in 
Granites,  Schists,  and  Gneisses  with  Adularia,  Smoky  Quartz, 
Chlorite,  and  Titanite;  at  Acworth,  N.  H.,  and  Haddam,  CJonn., 
in  Pegmatites  with  Beryl  and  Tourmaline;  at  the  Mica  mines  near 
Amelia  Court  House,  Va.,  where  it  is  mined  for  use  in  pottery- 
making;  with  Microcline  in  Pegmatites  in  the  Pike's  Peak  region, 
Colorado. 


145.     Oligodase,  AbeAni-AbjAni,  but  chiefly  AbjAnj. 

Triclinic.  Crystals  not  common,  except  such  as  are  embed- 
ded in  rocks.  Generally  massive,  cleavable  to  compact.  H.  = 
6-7.  G.  =  2.65-2.67.  Luster  vitreous  to  pearly.  Colors  whit- 
ish, grayish,  greenish,  and  reddish.  Other  properties  like  Albite. 
Composition  of  Bakersville,  N.C.,  Oligoclase,  NajO  8.62,  KjO  0.56, 
CaO  4.47,  AlA  23.52,  SiO,  62.60.  Kinds  having  large  amounts 
of  soda  are  called  Oligoclase-Albite.  Varieties:  (1)  Ordinary.  In 
crystals,  but  more  commonly  massive  cleavable.  (2)  Aventurinc 
Oligoclase,  or  Sunstone.  Usually  reddish  gray  with  internal  yel- 
lowish or  reddish  fire-like  reflections  due  to  inclusions  of  minute 
Hematite  scales,  as  in  the  well-known  specimens  from  Tvedestrand 
in  the  Christiania  Fiord,  Norway. 

Oligoclase  is  the  common  Feldspar  in  certain  Diorites,  Dacites, 
Andesites,  and  is  found  in  small  quantities  in  Granites,  Rhyolites, 
Syenites,  and  Trachytes  such  as  that  of  the  Drachenfels  on  the 
Rhine  near  Bonn.     It  is  found  in  clear  glassy  masses  at  Bakers- 
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ville,  N.  C;  and  at  Hadclam;  Conn.,  with  Cordierite  and  black 
Tourmaline. 


146.     Andesinej  Ab^Anj-AbjAnj. 

Triclinic.  Crystals  rare.  Usually  massive,  cleavable  or  gran- 
ular. H.  =  5-6.  G.  =  2.67-2.69.  Colors  and  properties  same  as 
Albite,  with  general  tendency  to  greenish  colors.  Composition  vari- 
able, that  from  Bodenmais,  Bavaria,  being  NajO  6.79,  KjO  0.54, 
CaO  7.08,  AI2O3  25.88,  SiOj  59.22.  Andesine  is  found  in  the  vol- 
canic blocks  of  Monte  Somma  on  Mt.  Vesuvius,  Italy.  It  is  also 
found  in  such  rocks  as  Diorites,  Dacites,  and  Andesites. 


147.    Labradorite,  AbiAnj-AbjAng. 

Triclinic.  Crystals  rare.  In  rocks  often  thin  tabular  aft<?r 
QoPdb .  Usually  massive,  cleavable,  or  granular.  General  proper- 
ties same  as  group.  H.  =  5-6.  G.  =  2.69-2.72.  Color  gray, 
brown,  or  greenish;  sometimes  colorless  and  glassy.  Usually, 
though  not  always  J  shows  a  beautiful  change  of  color  on  xPcfe  in 
deep  blue,  yellow,  and  greenish  shades,  due  to  interference  caused 
by  fine  parting  planes  or  inclusions.  Composition  of  St.  Paul's 
Island  kind,  CaO  10.1,  Na,0  5.0,  K^O  0.4,  AljO,  27.5,  SiO,  56.0, 
but  is  variable.  It  is  the  common  Feldspar  in  Gabbros,  Norites, 
Basalts,  Diabase,  and  some  Andesites.  It  is  decomposed  with 
difficulty  by  hydrocloric  acid,  being  the  first  of  the  Feldspars  which 
is  at  all  affected.  It  was  first  found  at  St.  Paul's  Island,  off  the 
coast  of  Labrador,  in  large  cleavable  masses  in  Noritic  rocks.  It 
also  occurs  in  considerable  masses  in  the  Adirondacks,  where  rocks 
called  Anorthosites  are  found  consisting  almost  entirely  of  it. 


148.     Bytownite,  AbiAn3-A])iAna. 

Triclinic.  Here  belong  the  Feldspars  between  Labradorite 
and  Anorthite.  General  characteristics  same  as  Labradorite. 
H.  =  5-6.     G.  =  2.72-2.74.     Composition   of  mineral   from  Naero- 
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dal,  Norway,  CaO  15.20,  Na^O  3.30,  AlA  33.26,  SiO,  48.94.  Gela- 
tinizes with  HCl  quite  easily.  It  is  found  in  the  same  rocks  as 
Labradorite,  as  in  the  Gabbro  from  Neurode  in  Silesia;  Andesite 
from  Iceland  and  Hungary;  in  the  Orbicular  Diorite  from  Corsica; 
and  as  large  cleavable  masses  similar  to  Sanidine  in  volcanic 
bombs  from  the  island  of  Jan  Mayen. 


149.    Anorthite,  CaAljSijOg. 

Triclinic.  Occurs  in  well-defined  crystals  with  more  varied 
form  and  greater  number  of  planes  than  any  other  Feldspar. 
Usually  prismatic  after  the  c  axis,  less  often  elongated  parallel  h 
like  Pericline.  Twins  after  Albite,  Pericline,  and  Carlsbad  laws. 
In  the  Pericline  twins  the  rhombic  section  is  inclined  downward 
toward  the  front,  making  an  angle  of  14-18°  with  the  base. 
Cleavage:  OP,  perfect;  ooPdfc  somewhat  less  so,  the  angle  between 
the  two  being  85°  50'.  H.  =  6-6.5.  G.  =  2.74-2.76.  Color  white, 
grayish,  reddish.  Transparent  to  translucent.  Luster  often 
vitreous,  splendent  in  crystals.  Comp.,  CaO  20.1,  AljOj  36.7, 
SiOj  43.2.  Easily  decomposed  with  cold  HCl,  separating  gelat- 
inous silica.  Fine  crystals  are  found  in  the  volcanic  blocks 
of  Monte  Somma;  in  cr\^stals  thrown  out  by  a  volcano  in  large 
quantities  on  the  island  of  Miyake,  Japan;  also  in  volcanic  bombs 
in  Iceland.  •  It  is  rarely  if  ever  found  as  a  rock-forming  mineral 
in  any  amount,  so  is  comparatively  rare. 

The  chief  and  easiest  means  of  distinguishing  all  Feldspars  is 
their  optical  behavior  in  polarized  light,  by  which  even  the  chemi- 
cal composition  may  be  determined.  All  the  Plagioclase  may 
form  intergrowths  with  Orthoclasc  or  Microcline  of  a  perthitic 
nature,  though  sometimes  we  find  one  surrounding  the  other  as 
in  the  case  of  the  Finland  Granite  called  Rapakiwi,  where  green 
Oligoclase  surrounds  red  Orthoclase.  All  the  Plagioclase  alter 
to  Mica  and  Kaolin  like  Orthoclase.  The  probable  t-endency  of 
Ortlioclase  would  be  to  change  to  Muscovite,  while  the  Plagioclase 
would  naturally  alter  to  Paragonite,  the  soda  mica.  The  Plagio- 
clase also  change  frequently  if  not  usually  to  Zoisite  or  a  mixture 
of  Zoisite  and  Albite  called  Saussurite,  and  sometimes  to  Calcite, 
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Sometimes  in  contact  with  iron-bearing  solutions,  Epidotc  is 
fonned.  The  formiilffj  showing  the  probable  constitution  of  the 
Feldspars  with  their  alteration  was  given  under  Pseudomorphs. 
The  Feldspars  next  to  Quartz  are  the  most  important  minerals 
in  the  earth's  crust. 


150.    Leucile,  KAKSiO,),. 

Isometric  at  500°  C;  pseudo-isometric  at  ordinary  tempera- 
tures. Commonly  in  crystals  varying  in  angle  from  the  icositcha- 
hedron  202,  w^hich  is  called  the  leucitohedron,  with  ooOoo  and 
00  0  rarely  present  as  small  faces.  Faces  and  sections  generally 
show  fine  striations  due  to  twinning  which  are  polysynthetic, 
parallel  oo  0.  It  is  faintly  doubly  refracting,  but  when  heated  it 
becomes  isotropic,  the  twinning  lines  disappear,  and  the  angles 
become  those  of  202,  and  the  mineral  is  truly  isometric.  Also  in 
disseminated  graiiLS.  Fracture  conchoidal.  Brittle.  H.  =  5.5-6. 
G.  =  2.45-2.50.  Luster  vitreous.  Color  w^hite,  ash-gray,  or  smoke- 
gray.  Streak  uncolored.  Comp.,  KjO  21.5,  AljOg^  23.5,  SiOj  55.0, 
with  NajO  up  to  1.5  at  times.  It  alters  to  Orthoclase,  NepheUte,  and 
Kaolin,  which  are  found  as  pseudomorphs  especially  in  old  plutonic 
rocks  called  Leucite  Syenites,  where  nothing  remains  but  the  form, 
and  are  known  as  Pseudoleucite.  Leucite  occurs  abundantly  in  the 
lavas  of  Mount  Vesuvius  which  are  called  Leucite  Tephrites;  also 
at  Rocca  Monfina  and  Capo  di  Bovi,  where  the  rocks  have  been 
used  as  millstones  for  the  last  two  thousand  years,  being  found  in 
the  excavations  of  Pompeii,  which  was  destroyed  by  an  eruption 
of  Vesuvius  in  79  a.d.  The  Leucites  from  Capo  di  Bovi  have  glass 
inclusions  symmetrically  arranged  around  the  crystal;  it  has  been 
found  on  the  volcano  Kilimandjaro  in  South  Africa;  Olbriick  and 
Rieden  in  the  P^ifel  district  of  Germany,  and  in  the  Leucite  Hills 
of  the  Green  River  basin,  Wyoming.  Large  Pseudoleucites  are 
found  in  the  Serra  de  Tingua,  Brazil,  and  Magnet  Cove,  Ark., 
consisting  of  Orthoclase  and  NepheUte  or  Zeolites  resulting  from 
the  latter.  It  was  the  first  mineral  in  which  the  presence  of 
potassium  was  shown. 
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Pyroxkne  Group.    Orthorhomhic,  Monoclinic,  Triclinic. 

Comp.,  RSiOs  with  R  =  Ca^  Mg,  Fe  chiefly,  also  Mn,  Zn. 
Further,  RSiO,  with  R"(Fe,Al)2SiOe,  less  often  with  R^AKSiOa)^. 

ORTHORHOMBIC. 

151.  Enstatite,      MgSiO,. 
Bronzite,       (Mg,Fe)Si03. 

152.  Hypersthene,  (Fe,Mg)SiO,. 

MONOCLINIC. 

153.  Pyroxene. 

•  Non-aluminous : 

Dion«idP         \  CaMgCSiO,),,  colorless, 
i^iopsiae         I  Ca(Mg,Fe)  (SiO,)^,  colored. 
Hedenbergite,  CaFe(SiO,),. 
Scheflferite,        (Ca,Mg)  (Fe,Mn)  (SiO,)  j. 
Jeflfersonite,      (Ca,Mg)  (Fe,Mn,Zn)  (SiO,),. 
Aluminous : 

Auirit^  \  Ca(Mg,Fe)(Si03),. 
Augii€  I  with(Mg,Fe)(Al,Fe)^iO,. 
Diallage,  near  Augite  in  composition. 

154.  /Fgirite-Acmite,  XaFe"i(Si03)2. 

155.  Spoduincne,  LiA^SiOj),. 

156.  Jadeite,  NaAKSiO,),. 

157.  Wollastonite,        CaSiO,. 

158.  Pectolite,  IINaCaaCSiOj),. 

TRICLINIC. 

159.  Rhodonite,  MnSiO,. 

var.  Fowlerite,    (Mn,Zn,Fe,Mg,Ca)SiO,. 

The  Pyroxene  Group  embraces  species  which  fall  into  cliflferent 
systems,  but  which  show  a  great  similarity  of  form  and  angle.  They 
are  usually  eight-sided  in  the  prismatic  zone,  being  bounded  by 
00  P,  00  P 6b ,  Qc  P* .  They  all  possess  a  more  or  less  distinct  clcav^ige 
after  the  prism  having  an  angle  of  87°  and  93°,  which  however  is 
not  as  good  as  that  of  the  Amphiboles.  Crystals  in  most  kinds  are 
not  colunmar,  but  tabular  to  granular.  They  are  chiefly  meta- 
sihcates  of  Ca,  Mg,  Fe",  with  some  Fe"',  Al  and  sometimes  Na,  lA, 
Mn,  Zn.    The  colors  of  the  Ca,  Mg  varieties  is  white,  Fe"  green, 
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and  Fe"'  dark  green  to  black.  The  Pyroxene  Group  have  corre- 
sponding species  to  the  chief  varieties  among  the  similar  Aniphibole 
Group. 

151.     Ensiatiie,  :MgSi03.     Bronzite,  (Mg,Fe)SiOs. 

Orthorhombic.  Distinct  cr>'stals  rare,  bounded  by  ooP,  ooPoc, 
^V'^y  |P;  ^^^  the  obtuse  brachy domes  iPob,  |Pob.  Twins  rare. 
iPc5b,  polysynthetic.  Habit  prismatic.  Usually  massive,  fibrous, 
or  lamellar.  Cleavage:  ooP,  easy;  also  xPob.  Parting:  xPob. 
Brittle.  Fracture  uneven.  H.  =  5.5.  G.  =  3.1-3.3.  Luster  a  little 
pearly  on  cleavage  planes  to  vitreous,  often  metalloidal  in  Bronzit^. 
Color  grayish,  yellowish,  and  greenish  white  to  olive-green  and 
brown.  Streak  uncolored,  grayish.  Comp.,  MgO  40,  SiOj  60,  with 
AI2O3  and  FeO.  Bronzite  has  the  same  properties,  but  has  FeO  up 
to  10%,  which  gives  it  the  darker  colors  and  higher  gravity.  They 
alter  to  Talc- and  Serpentine,  and  are  found  in  small  crystals  in 
Andesites,  Norites,  Peridotites,  and  Pyroxenites;  also  in  volcanic 
bombs  as  at  Dreis  in  the  Eifel,  Germany,  and  in  meteorites.  It 
occurs  in  the  Peridotites  in  which  Diamonds  are  found  at  Kim- 
berley,  and  in  similar  rocks  at  Webster,  Jackson  Co.,  N.  C. 

152.     Hypersihene,  (Fe,Mg)Si03. 

Orthorhombic.  Has  essentially  the  same  properties  of  the 
previous  minerals,  except  those  which  would  be  affected  by  in- 
crease of  iron.  Usually  foliated  massive.  Cleavage:  cx>Pofc,  perfect; 
00 P  distinct  but  interrupted.  Parting:  ooPob,  distinct.  H.= 
5-6.  G.  =  3.4-3.5.  Luster  pearly  to  metalloidal.  Color  brownish 
green,  grayish  to  greenish  black.  Transparent  to  nearly  opaque. 
Pleochroism  strong  in  light  greens,  yellow,  and  pink  to  brownish 
red.  Compositimi  varies.  Fe:Mg=l:3  (FeO=16.7),  1:2  (FeO 
=  21.7),  1:1  (FeO  =  31.0).  Alumina  is  sometimes  present  up  to 
10%.  In  the  Orthorhombic  Pyroxenes  the  obtuse  prismatic  angle 
of  93°  is  placed  in  front,  while  in  the  monoclinic  ones  it  is  placed 
at  the  side,  a  fact  which  should  be  remembered  in  comparing  the 
two,  which  often  form  regular  growths  in  such  a  manner  that 
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00 Poo  coincides  with  ooP*  of  the  orthorhombic,  which  means 
that  both  obtuse  angles  are  together.  Hypersthene  is  associated 
with  Labradorite  in  Norit<*s  and  Andesites,  also  in  rocks  called 
Hypersthenites,  which  are  nnade  up  chiefly  of  that  mineral,  as  in 
Berks  County,  Penn.  The  rocks  at  St.  Paul's  Island,  Labrador, 
are  of  the  first  class,  while  the  lavas  of  the  extinct  volcano  Mount 
Shasta  in  California  are  Hypersthene  Andesites.  Hjrpersthene 
often  encloses  minute  scales  of  brown  color  arranged  with  the 
scales  parallel  ooPvX;  in  three  rectangular  directioas,  and  give  the 
mineral  its  metalloidal  luster,  as  is  also  the  case  in  Bronzite.  The 
inclusions  are  thought  to  be  micaceous  Ilmenite. 


153.     Pyroxene, 

Monoclinic,  hemihedral.  The  general  character  of  this  species 
may  be  given  as  a  whole  with  the  varieties  briefly  considered 
separately,  although  they  are  different  enough  to  be  considered  as 
separate  species.  Crystals  generally  prismatic  after  the  c  axis 
bounded  by  ooP,  ooPoo,  ooPoo,  OP,  —  P,  so  that  they  are  eight- 
sided  in  the  prismatic  zone;  sometimes  bounded  by  the  three 
pinacoids  alone,  or  with  very  small  ooP.  Twins:  (1)  ooPob,  contact 
twins  common,  sometimes  polysynthetic.  (2)  OP,  polysynthetic, 
producing  fine  striations  and  parting  parallel  to  that  face.  Some- 
times of  secondary  origin, "tind  probably  due  to  OP  as  a  gliding  plane. 
(3)  Poo,  as  cruciform  penetrations,  not  common.  Also  massive, 
often  coarsely  lamellar  parallel  OP  or  ooPoo.  Also  granular,  coarse 
or  fine;  rarely  fibrous  or  columnar.  Cleavage:  ooP,  sometimes 
rather  perfect,  but  interrupted,  and  not  so  good  as  in  Amphi- 
bole.  Parting:  OP  due  to  polysynthetic  twinning,  often  very 
prominent,  especially  in  large  crystals  and  lamellar  masses;  also 
ooPco,  not  so  common.  Fracture  uneven  to  conchoidal.  Brittle. 
H.  =  5-6.  G.  =  3.2-3.5.  Luster  vitreous,  inclining  to  resinous; 
often  dull.  Color  varying  from  colorless  to  white,  through  green 
of  dull  shades  to  brown  and  black.  Sometimes  bright  green  from 
chromium.  Streak  white  to  gray  and  grayish  green.  Transparent 
to  opaque.  Pleochroism  usually  weak  or  absent,  even  in  dark- 
colored  varieties,  but  noticeable  in  violet-brown  kinds  containing 
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titanium.  Optically  positive.  Refractive  index  and  double  re- 
fraction strong.  Varieties:  (1),  (a)  Colorless  Diopside,  CaMg 
(SiO,),  with  CaO  25.9,  MgC)  18.5,  SiO,  55.6.  (6)  Colored  Diopside, 
Ca(Mg,Fe)(Si03)2  with  FeO  up  to  15%.  Grayish,  yellowish,  pa'e 
green  to  dark  green,  and  nearly  black  when  approaching  Heder- 
bergite.  G.  =  3.2-3.38.  Chrome  Diopside  is  bright  green.  (2) 
Hedenbergit^,  CaFe(Si03)2,  with  CaO  22.2,  FeO  29.4,  SiO,  48.4, 
grading  toward  Diopside.  In  crystals  also  lamellar  massive.  G. 
=  3.5-3.58.  Color  black  or  deep  green.  (3)  Schefferite,  (Ca,Mg) 
(Fe,Mn)(8iOs)2,  a  rare  manganese  Pyroxene  found  in  Sweden 
with  yellowish  brown  to  reddish  brown  color.  •  (4)  Jeffcr- 
sonite,  (Ca,Mg)(Fe,Mn,Zn)(SiOs)2,  is  a  manganese-zinc  Pyroxene 
from  Franklin  Furnace,  N.  J.,  of  greenish  black  color,  but 
generally  chocolate  brown  from  weathering.  (5)  Augite, 
CaMg(Si03)2  with  (Mg,Fe)(Al,Fe)2  SiOg  with  sometimes  some 
alkalies.  A  black  Augite  from  ^'^esuvius  was  composed  of 
CaO  19.02,  MgO  16.04,  FeO  4.09,  Fe203  4.47,  AljO,  9.75, 
Si02  46.95.  G.  =  3.3-3.5.  Colors  generally  dark  green,  brownish 
black  and  black,  though  a  few  kinds  contain  alumina  and  r.o 
iron  and  are  white.  Crystals  are  usually  short,  prismatic,  thick, 
and  stout,  or  tabular  after  ooPob,  often  twinning  after  same  face. 
Augite  is  found  in  such  volcanic  rocks  as  Basalt,  Diabase,  Andc^ite, 
and  in  some  Gabbros  and  Norites.  (6)  Diallage  is  a  Pyroxene 
intermediate  between  Diopside  and  Augite,  and  nearer  the  latter, 
with  AI2O3,  and  not  mudi  Fe203.  An  analysis  of  Diallage  from 
Gynn's  Falls,  near  Baltimore,  gave  CaO  20.6,  MgO  15.1,  FeO  9.?, 
AI2O3  4.3,  Si02  51.4.  It  occurs  lamellar  or  thin  foliated,  and  is 
distinguished  by  a  perfect  parting  after  00  P«),  which  by  many  is 
called  a  cleavage.  It  also  cleaves  after  ocP.  Twins  often  poly- 
synthetic  after  00P66.  Yery  frequently  forms  a  regular  growth 
with  orthorhombic  Pyroxenes,  so  that  00  Poo  coincides  with  ooPoc 
of  the  latter.  Colors  grayish  green,  grass-green,  dt^ep  green,  and 
brown.  Often  with  a  metalloidal  luster  or  schiller  on  00  P<» ,  due 
to  the  same  causes  as  in  Hypersthene.  G.  =  3.2-3.35.  It  is  the 
essential  dark  mineral  of  Gabbros. 

Pyroxene  is  a  conunon  mineral  in  igneous  rocks  such  as  Gab- 
bros, Diorites,  Peridotites,  Basalts,  Diabase,  Andesites,  and  is 
found  in  most  every  other  igneous  rock  in  greater  or  smaller  amounts. 
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Also  in  granular  limestones  and  meteorites.  That  of  limestones 
is  generally  white  or  light  green,  and  falls  under  Diopside,  that  of 
plutonic  rocks  is  generally  Diallage,  while  in  volcanic  rocks  the 
black  Augite  is  most  common.  At  times  Augite  crystals  are  em- 
bedded in  volcanic  tuflF,  and  are  blown  from  volcanoes  in  large 
quantities  as  in  an  eruption  of  Monte  Rossa  on  the  sides  of  iEtna 
when  nothing  but  loose  crystals  were  thrown  out.  Evidently 
of  the  same  origin  are  those  from  the  Auvergne,  a  volcanic  dis- 
trict in  central  France,  and  in  dififerent  places  in  Bohemia.  Fine 
Diopsides  are  found  in  limestone  in  St^.  Lawrence,  Lewis,  Essex, 
and  Orange  counties.  New  York.  Most  Pyroxenes  are  not  acted 
upon  by  acids,  but  the  iron  varieties  are  most  easily  affected.  They 
alter  to  Talc,  Serpentine,  Chlorite,  Epidote,  and  Calcite,  but  the 
most  interesting  one  is  a  change  by  paramorphism  into  the  cor- 
responding Amphibole  variety.  Such  paramorphs  as  Amphibole 
after  Pyroxene  are  called  Uralite,  and  the  change  is  known  as  Ural- 
itisation.  It  takes  place  especially  in  metamorphic  rocks  because 
of  pressure,  but  it  also  occurs  as  a  weathering  process. 


154.     Aegirite-Acmite,  NaFe'^CSiOs)^. 

Monoclinic.  L'sual  pyroxene  faces  in  the  prismatic  zone,  but 
Acmite  is  terminated  with  acute  pyramids  and  domes,  while  Aegir- 
ite  ends  in  blunt  forms.  Crystals  long,  prismatic,  vertically  striated, 
and  often  bent  or  broken.  Twins:  ooPoc,  very  common.  Cleav- 
age: QcP,  distinct.  Luster  vitreous  to  resinous.  Color  brownish, 
reddish  browTi,  greenish,  and  bluish  black;  by  transmitted  light 
Aegirite  is  bright  green  to  yellowish  green,  and  Acmite  is  brown, 
both  being  strongly  pleochroic.  Streak  pale  yellowish  gray. 
Comp.,  Xa^O  13.4,  FcjO,  34.6,  SiOj  52.0,  FeO  being  generally  pres- 
ent. It  often  forms  isomorphous  growths  with  Augite  making 
what  is  called  Aegirine- Augite.  These  minerals  occur  only  in 
rocks  rich  in  alkalies,  especially  in  Nepheline  Syenites  and  Phono- 
lites,  but  also  in  certain  Alkali  Granites,  Syenites,  and  Trachytes. 
Found  in  the  Brevig  district  of  southern  Norway;  Kangerdluarsuk, 
West  Greenland;  Magnet  Cove,  Ark.,  in  fine  cr^'stals  up  to  8  inches 
long. 
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155.     Spodumene,  LiAl(Si03)2. 

Monoclinic.  Crystals  bounded  by  the  usual  faces,  but  often 
tabular  after  cx)Poo,  terminated  by  base,  pyramids,  and' clino- 
domes.  Vertical  planes  striated.  Crystals  sometimes  very  large, 
one  thirty  feet  long  being  found  at  Haraey  Peak,  South  Dakota, 
about  1900,  which  is  probably  the  largest  crystal  of  any  kind 
ever  found.  Twins:  xPx.  Also  massive,  cleavable.  Cleavage: 
00  P,  perfect.  Parting  after  ooPx  due  to  lamellar  structure, 
often  perfect.  H.  =  6.5-7.  G.  =  3.1-3.2.  Luster  vitreous.  Color 
grayish  white,  yellowish,  sometimes  greenish  and  purple.  Streak 
white.  Transparent  to  translucent.  Comp.,  LinO  8.4,  AI2O3  27.4, 
SiOj  64.5,  with  a  little  soda.  It  alters  to  Muscovite,  Albite,  and 
Quartz,  and  is  found  in  Pegmatite  dikes  in  Granite  with  Beryl 
and  Tourmaline  at  Goshen  and  Huntington,  Mass.;  Branchville, 
Conn.;  and  at  the  Etta  tin  mines  Pennington  county,  Harney 
Peak  region,  South  Dakota.  The  green  varieties  are  called  Hid- 
denite,  and  are  used  as  gems. 


156.  Jadeiie,  NaAl(Si03)2. 

Monoclinic,  with  general  Pyroxene  characters.  Only  known 
massive  with  crystalline  structure,  sometimes  granular,  also  ob- 
scurely fibrous.  Cleavage:  xP.  Fracture  splintery.  Extremely 
tough.  H.  =  6.5-7.  G.  =  3.3-3.35.  Color  apple-green,  leek-green, 
to  nearly  white.  Streak  uncolored.  Comp.,  Na^O  15.4,  AI2O3 
25.2,  SiO  59.4.  Occurs  chiefly  in  Eastern  Asia  as  in  southern 
China  and  Thibet,  where  it  long  has  been  highly  prized  and 
worked  into  ornaments  and  utensils.  Jade  is  found  in  the  lake 
dwellings  of  Switzerland  and  elsewhere  in  Europe,  w^here  it  was 
used  by  primitive  man,  and  brought  all  the  way  from  Asia.  This 
Jade  is  partly  Jadeite  and  partly  the  Amphibole,  Nephrite. 

1 57.  Wollastoniie,  CaSiOg. 

Monoclinic.  Bounded  by  xPx,  xPf,  -Px,  OP,  which  is 
not  the  Pyroxene  type.     Crystals  commonly  tabular  after  OP  or 
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xPoc,  and  elongated  in  the  direction  of  the  b  axis.  Usually 
cleavable,  massive  to  fibrous,  fibers  parallel  or  reticulated;  also 
compact.  Cleavage:  ocPX,  perfect,  also  OP.  H.  =  4.5-5.  G.= 
2.8-2.9.  Luster  vitreous.  Color  white,  gray,  yellow.  Streak 
white.  Subtransparent  to  translucent.  Comp.,  CaO  48.3,  SiOj 
51.7.  It  is  always  found  in  metamorphic  rocks  such"  as  granukr 
limestones  and  schists.  It  is  found  in  considerable  quantities  in 
limestone  at  Diana  and  elsewhere  in  Lewis  County,  N.  Y.  It 
gelatinizes  with  HCl.  It  is  not  a  true  Pyroxene,  as  the  chief 
properties  are  different. 

158.     Pectolite,  HNaCa^CSiOj)^. 

MonocHnic.  Crystals  similar  to  WoUastonite.  OP,  ooP|,  ooPuo. 
Tabular  after  ocPcZ  and  elongated  after  6  axis.  Twins:  ocPoc. 
Commonly  in  close  aggregations  of  acicular  crystals.  Fibrous 
massive,  radiated  to  stellate.  Cleavage:  xPx,  OP,  both  per- 
fect. H.  =  5.  G.  =  2.68-2.78.  Luster  on  fractured  surfaces  silky 
or  subvitreous.  Color  whitish  or  grayish.  Comp.,  UJO  2.7, 
Na^O  9.3,  CaO  33.8,  SiOj  54.2.  Occurs  as  an  alteration  product 
in  basic  igneous  rocks  like  Basalts,  Diabase,  Trap,  and  sometimes 
in  Xepheline  Syenites.  It  is  found  in  cavities  in  the  Diabase  and 
Basalts  of  the  Palisades  along  the  Hudson,  especially  fine  at 
Bergen  Hill;  also  at  Paterson,  N.  J.,  in  the  same  rocks. 

159.     Rhodonite,  MnSiOj.       Fmvlcritc,  (Mn,Zn,Fe,Ca,Mg)Si03. 

Triclinic.  Crv^stals  bounded  by  Pyroxene  faces,  ocP,  ocPoc, 
xPcfc,  OP,  commonly  tabular  after  OP.  Usually  massive,  cleav- 
able  to  compact;  also  in  grains  embedded.  Cleavage:  prism  and 
base  perfect.  Very  tough  when  compact.  H.  =  5.5-6.5.  G.= 
3.4-3.68.  Luster  vitreous  to  subvitreous.  Color  light  brownish 
red,  flesh-red,  pink;  sometimes  black  when  weathered,  due  to 
pyrolusite.  Streak  white.  Coiiip.,  MnO  54.1,  SiOj  45.9,  with 
iron,  calcium,  magnesium,  and  zinc  replacing  the  manganese  at 
times.  Fowlerite  is  the  zinc  variety,  an  analysis  of  which  shows 
MnO  34.28,  ZnO  7.33,  CaO  7.04,  Mg( )  1 .30,  SiO^  46.06.  Rhodomite 
is  found  in  iron  mines  at  Langban,  and  Pajsberg,  Sweden;  Cum- 
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mington,  Mass.;  as  gangvic  in  silver-bearing  veins  at  Butte,  Mont.; 
Fowlerite  occurs  at  Franklin  Furnace  and  St<*rling  Hill,  N.  J.,  with 
the  other  zinc-manganese  minerals. 


Amphibole  Group.    Orthorhomric,  Monoclinic,  Triclixic. 

Comp.,  RSiOj  with  R=Ca,Mg,  Fe 'chiefly,  also  Mn,  Na^,  Kj,  Hj. 
Further  often  containing  AP",  Fe"\  in  part  as  NaAl(Si03)2  or 
NaFe^HSiOa)^;  perhaps  also  as  R'^R^^'SiOe- 

ORTHORHOMBIC. 

A'nthophyllite,  (Mg,Fe)SiOs. 

MONOCLINIC. 

160.  Amphibole. 

Non-aluminous: 

Tremolite,  CaMgjCSiOa)^. 

Actinolite,  Ca(Mg,Fe)s(SiOj)4. 

Nephrite^  Asbestos,  Smaragdite. 

Cummingtonite,  (Fe,Mg)SiOs. 

Dannemorite,  (Fe,Mn,Mg)SiO,. 

Griinerite,  FeSiOa. 

Richterite,  [(K,Na)2Mg,Ca,Mn)SiO,. 
Aluminous: 

S^,!S^      h^'^^y    Ca(Mg,Fe),SiA:,    with     Na,Al^uOu     and 
Hornblende  \  (Mg.Fe),(Al,Fe).Si,0... 

161.  Glaucophane,  NaAl(Si08)2.(Fe,Mg)SiOs. 

162.  Riebeckite,  2NaFe'"  (SiOj), .  FeSiO,. 

163.  Crocidolite,  NaFe"'(Si08)a.FeSi03. 

164.  Arfvedsonite,  Na8(Ca,Mg)5(Fe,Mn)i/Al,Fe)2SiaiO«. 


TRICLINIC. 


Cossyrite 


I  Na4FegAlFe"'(Si,Ti)„0a. 


The  Amphibole  group  embraces  a  number  of  species  which 
fall  into  different  systems,  but  are  still  closely  related  in  form  and 
angle.  All  have  a  prism  with  angles  of  124°  and  56°,  after  which 
there  is  a  perfect  cleavage,  and  are  similar  in  optical  charact-er  as 
weir  as  chemical  composition.     In  many  respects  they  are  related 
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to  the  Pyroxene  Group,  but  the  Aniphiboles  are  less  fully  developed 
than  the  Pyroxenes.  Crystals  of  Aniphiboles  are  bounded  by  six 
faces  in  the  prismatic  zone,  prism  and  clino — respectively  brachy- 
pinacoid,  and  are  long  prismatic,  with  the  columnar  and  fibre i  s 
massive  kinds  the  rule.  The  gravity  of  the  Aniphiboles  is  lower 
than  in  the  corresponding  Pyroxene  varieties  in  which  the  calcium 
is  always  higher  than  magnesium.  Thus  in  Diopside  Ca:Mg= 
1:1,  while  in  Tremolite  it  is  1 : 3.  Alkalies  are  also  more  frequent 
in  the  Amphiboles,  as  is  also  water  as  a  primary  constituent. 


160.    Amphibolc. 

Monoclinic.  Crystals  commonly  ooPob,  xP,  PJu,  with  some- 
times —  Poo  and  OP.  Crystals  usually  prismatic  aft^r  the  c  axis, 
and  sometimes  not  bounded  t^miinally .  TwiriS :  ( 1 )  oc  P  o6 ,  common 
as  contact;  rarely  polysynthetic.  (2)  OP,  polysynthetic,  producing 
a  parting  as  in  Pyroxene.  Also  columnar  or  fibrous,  coarse  or  fine, 
fibers  often  like  flax,  rarely  lamellar;  also  granular  massive,  coarse 
or  fine.  Cleavage :  oo  P,  highly  perfect.  Parting  sometimes  observed 
after  OP,  oo  Pob ,  due  to  twinning.  Fracture  subconchoidal,  uneven. 
Brittle.  H.  =  5.6.  G.  =  2.9-3.4,  var>'ing  with  the  composition. 
Luster  vitreous  to  subvitreous  and  dull;  fibrous  kinds  often  silk5\ 
Color  white,  various  shades  of  green  to  brown  and  black;  rarely 
yellow,  purplish,  or  pink.  Streak  un colored  or  paler  than  color. 
Sometimes  nearly  transparent;  usually  subtranslucent  to  opaque. 
Pleochroism  strong  in  all  deeply  colored  varieties,  with  absorption 
in  yellow^s,  greens,  and  browns.  Optically  negative,  with  weaker 
double  refraction  than  Pyroxene.  Index  high.  Varieties:  (1)  Tremo- 
lite, CaMggCSiOg).,  with  CaO  13.4,  MgO  28.9,  SiO,  57.7.  Ferrous 
iron  is  present  up  to  S%.  In  distinct  crystals  not  bounded  ter- 
minally, either  long-bladed  or  short  and  stout;  often  in  thin  blades 
flattened  by  oscillatory  repetition  of  the  unit  prism  with  derived 
prisms.  In  aggregates,  long  and  thin  columnar  to  fibrous;  also 
compact  granular  massive.  G.  =  2.9-3.1.  Color  white  to  gray. 
Hexagonite  is  a  pink  to  lavender  Tremolite  from  Edwards,  St. 
Lawrence  Co.,  N.  Y.,  containing  2%  MnO.  Tremolite  received  its 
name  from  its  occurrence  in  granular  Dolomite  in  the  Val  de 
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Trcniola  on  the  south  side  of  the  St.  Gotthard  Pass  at  Campolongo. 
Some  Nephrite  and  Asbestos  belong  here.  (2)  Actinolite,  Ca(Mg,Fe)3 
(8103)4  is  the  same  as  Tremolite  with  the  addition  of  ferrous  iron, 
and  sometimes  a  little  alumina.  One  from  Greiner,  Zillerthal, 
Tyrol,  gave  CaO  13.46,  MgO  22.56,  FeO  6.25,  H^O  1.29,  SiO^  55.50. 
Crystals  are  generally  long  or  short  columnar,  fibrous,  and  at  times 
bladed  as  in  Tremolite;  often  in  radiated  columnar  aggregates; 
granular  massive.  Color  varies  with  amount  of  iron  from  bright 
green,  grayish  green,  to  dark  green,  (a)  Nephrite  is  a  tough,  fine- 
grained Actinolite,  or  sometimes  Tremolite  when  white.  It  consists 
of  a  mass  of  columnar  crystals  very  small,  woven' into  a  felt-like 
structure,  w^hich  causes  its  toughness  and  splintery  fracture. 
H.  =  6-6.5.  G.  =  2.96-3.1.  Glistening  luster.  Jade  is  chiefly 
Nephrite,  though  partially  Jadeite,  and  the  archaeological  in- 
terest was  mentioned  under  the  latter.  It  is  thought  that  the 
aborigines  secured  their  supply  from  the  Kun  Lun  Mountains  on 
the  southern  borders  of  Turkestan,  where  there  is  an  important 
occurrence  in  the  Karakash  Valley.  At  Samarkand,  Turkestan, 
the  monument  of  Tamerlane  is  a  shaft  of  Nephrite  over  six  feet 
high.  It  has  recently  been  found  in  place  at  Jordansmuhl, 
Silesia,  the  only  locality  in  Europe;  it  is  also  found  in  New  Zea- 
land, where  it  is  used  by  the  natives  for  implements,  and  in 
Mexico.  (6)  Asbestos  consists  of  fibers  which  are  long,  thin,  flex- 
ible, easily  separated  by  the  fingers,  and  resemble  flax.  This 
asbestiform  habit  is  possessed  especially  by  Actinolite,  but  also 
by  Tremolite  and  other  Amphiboles  containing  little  alumina. 
The  name  comes  from  the  Greek  word  ** incombustible,"  on 
account  of  its  well-known  property.  The  '*  Amianthus"  of  the  an- 
cients, which  meant  '^undefiled,''  referring  to  the  ease  with  which 
it  could  be  cleansed  by  fire,  was  the  same  as  Asbestos.  Colors 
are  white  to  green  and  brown,  but  the  color  of  the  fibers  is  gener- 
ally white,  so  that  one  cannot  tell  from  that  color  whether  the 
Asbestos  is  Tremolite  or  Actinolite.  Commercial  Asbestos,  which 
is  used  for  packing  steam  pipes  and  machinery,  theater  curtains 
and  other  articles  which  must  be  fireproof,  is  at  present  derived 
from  fibrous  Serpentine  or  Chrysotile,  w^hich  is  of  better  quality 
than  Amphibole  Asbestos,  but  it  should  be  remembered  that  there 
are  two  possible  kinds  of  Asbestos,  and  that  the  original  one  was 
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fibrous  Amphibole.  Related  to  Asbestos  is  Mountain  Leather,  in 
thin  flexible  sheets  of  interlaced  fibers ;  and  Mountain  Cork,  which 
is  the  same  in  thicker  pieces.  Both  are  so  light  as  to  float  on  water, 
and  have  a  white  to  gray  and  yellowish  color,  (c)  Smaragdite  is  a 
thin  foliated  variety  of  Amphibole,  near  ActinoUte,  with  some 
alumina.  It  has  a  light  grass-green  color,  and  has  been  formed  from 
Diallage  in  most  cases  by  metamorphic  action.  (3)  Edenite  is 
Aluminous  Magnesium-Calcium  Amphibole.  That  from  Edenville, 
N.  Y.,  has  CaO  12.42,  MgO  23.37,  AlA  5.75,  FeA  2.86,  Na,0  0.75, 
K,0  0.84,  HjO  0.46,  SiOz  51.67.  G.  =  3-3.12.  Color  white  to  gray 
and  pale  green.  Here  belong  all  pale-colored  aluminous  Amphi- 
boles  with  less  than  5%  of  iron  oxides.  (4)  Pargasite  and  Horn- 
blende include  the  aluminous  Amphiboles  richer  in  iron  with  G.  = 
3.05-3.33.  Colors  are  bright  to  dark  green,  bluish  green,  grajdsh 
black  to  black.  Pargasite  is  supposed  to  contain  less  iron,  and 
includes  the  green  colors,  while  Hornblende  embraces  the  greenish 
black  and  black  kinds  with  more  iron  and  greater  specific  gravity. 
However  no  sharp  line  can  be  drawn  between  them  as  they  grade 
into  each  other.  The  Pargasite  from  Pargas,  Finnland,  gave  CaO 
11.95,  MgO  13.49,  FeO  9.92,  FeA  4.83,  AlA  11.92,  KjO  2.70, 
Na^O  1.44,  H2O  0.52,  F  1.70,  SiO,  41.26.  A  black  basaltic  Horn- 
blende from  Vesuvius  had  CaO  10.73,  MgO  9.10,  FeO  19.02,  Fe^ 
2.56,  AlA  14.28,  K^O  2,85,  Na^O  1.79,  H^O  1.42,  SiO^  39.80. 

Amphibole  occurs  in  such  igneous  rocks  as  Granite,  Syenite, 
Diorite,  Trachyte,  Andesite,  also  in  metamorphic  rocks  such  as 
crystalline  limestones,  gneisses  and  schists.  TremoUte  is  found 
chiefly  in  granular  limestones,  as  at  Campolongo,  Tessin,  Switzer- 
land; Gouverneur,  St.  Lawrence  Co.,  N.  Y.,  with  brown  Tourma- 
line; at  De  Kalb,  Rossie,  Edwards,  and  many  other  places  in 
the  same  county.  Actinolite  is  found  in  schists  and  with  Talc  at 
Greiner,  Tyrol;  Cumberland,  R.  I.;  Bare  Hills,  near  Baltimore, 
and  Harford  County,  Maryland.  Asbestos  is  found  plentifully  in 
the  islknd  of  Corsica;  Sterzing,  Tyrol;  Buckingham,  Ottawa  Co., 
Quebec;  Barnet's  Mills,  Fauquier  County,  Va.  Hornblende  occurs 
at  Vesuvius,  Arendal  and  Kongsberg,  Norway;  St.  Lawrence  Co., 
N.  Y.,  and  in  Hornblende  schists  from  New  York  to  Alabama,  as 
well  as  in  the  metamorphic  areas  of  Canada.  Amphiboles' alter  to 
Talc,  Serpentine,  Chlorite,  Epidote,  Calcite,  Magnetite.     Uralite, 
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as  was  explained  under  Pyroxene,  is  a  paramorph  of  Amphibole 
after  the  former.  Smaragdite  belongs  to  this  class.  It  was  first 
observed  by  Gustav  Rose  in  the  Ural  Mountains,  whence  the  name. 


161.    GZaticopAan^,  NaAl(Si03)3.(Fe,Mg)Si03.   * 

Monoclinic,  near  Amphibole  in  form.  In  thin  prismatic  crystals, 
usually  indistinct;  commonly  massive,  fibrous  or  columnar  to 
granular.  Cleavage :  x  P,  perfect.  H.  =  6-6.5.  G.  =  3.10-3.11.  Color 
lavender-blue  to  bluish  black.  Streak  grayish  blue.  Strongly 
pleochroic.  Comp.,  Na^O  9.9,  AljO,  16.3,  FeO  7.7,  MgO  8.5,  SiO, 
57.6.  It  is  found  in  crystalline  schists,  called  Glaucophane  schists, 
also  in  Mica  schists  and  AmphiboUtes.  Occurs  on  the  island  of 
Syra,  iEgean  Sea;  Corsica,  and  in  the  coast  range  of  California, 
near  Berkeley. 


162.    Riebeckite,  2NaFe"'(Si03)2 .  FeSiOe- 

Monoclinic.  In  embedded  prismatic  crystals.  Cleavage:  ooP, 
perfect.  Luster  vitreous.  Color  bluish  black.  Strong  pleochroism, 
Comp.,  NajO  10.5,  Yefi^  26.9,  FeO  12.1,  SiO^  50.5.  It  was  firat 
found  in  the  Granite  and  Syenite  of  the  island  of  Socotra,  120  miles 
northeast  of  Cape  Guardafui  in  the  Indian  Ocean;  also  from  gran- 
itic rocks  at  St.  Peter's  Dome,  Pike's  Peak  region,  Colo. 


163.     Crocidolite,  NaFe'^CSiOg), .  FeSiO,. 

Fibrous,  asbostos-liko ;  fibei*s  long  but  delicate  and  easily  sep- 
arable. Also  massive  or  earthy.  Cleavage:  Prismatic  wdth  124°, 
H.  =  4.  G.  =  3.2-3.3.  Laster  silky,  dull.  Color  and  streak  lavender- 
blue  or  leek-green.  Opaque.  Fibers  somewhat  elastic.  Pleochroism 
strong.  Composition  near  Riebeekite,  and  |x?rhaps  only  a  fibrous 
variety  of  the  same.  Na^O  8.6,  FeA  22.0,  FeO  19.8,  SiO,  49.6. 
It  occurs  in  largest  quantity  in  the  Asbestos  Mountains,  north  of 
Orange  river,  in  Griqualand  West,  South  Africa;  also  in  a  micaceous 
porphyry  at  Wakembach  in  Vosges  Mountains,  northeast  France; 
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and  in  Granite  at  Beacon  Pole  Hill,  near  Cumberland,  R.  I.  The 
African  mineral  is  largely  altered  by  the  oxidation  of  the  iron  and 
infiltration  of  Quartz  into  a  compact  stone  of  fibrous  structure, 
chatoyant  luster,  and  bright  yellow  to  brown  color.  These  pseudo- 
morphs  of  Quartz  after  Crocidolite  are  called  Tiger  Eye  and  are 
used  for  jewelry.  There  are  all  gradations  from  the  blue  to  the 
yellow  mineral.  Although  one  can  buy  Tiger  Eye  at  the  top  of 
Pike's  Peak,  or  even  of  an  Indian  along  western  railroads,  which 
is  said  to  come  from  the  neighborhood,  nevertheless  it  is  the  South 
African  mineral  which  they  sell. 


164.     Arfvedsonite,  Na8(Ca,Mg)3(Fe,Mn)i,(Al,Fe)jSi2i045. 

Monoclinic.  Amphibole  habit  but  not  terminated.  In  long 
prisms.  Twins:  ooPco.  H.  =  6.  G.  =  3.44-3.45.  Luster  vitre- 
ous. Color  pure  black;  in  thin  scales  deep  green.  Streak  deep 
bluish  gray.  Composition  of  mineral  from  Kangerdluarsuk,  NajO 
7.14,  KjO  2.88,  HjO  2.08,  CaO  2.32,  FeO  35.65,  FeA  1.70,  Al^O, 
1.44,  SiOj  47.08.  It  occurs  in  Nepheline  Syenite  at  Kangerdlu- 
arsuk, West  Greenland;  Langesund  Fiord,  southern  Norway;  also 
in  Soda-granite  near  Christiania,  Norway. 


165.    Beryl,  Be^{SiO,\, 

Hexagonal.  Crystals  generally  long  prismatic  with  ooP,  OP, 
and  sometimes  ooP2,  2P2,  P.  Here  sometimes  occur  the  most 
obtuse  pyramids  known,  ^P  and  ^P  which  make  angles  of  177° 
39'  and  177°  15'  with  OP.  Prismatic  faces  often  vertically  striated 
due  to  oscillatory  combination  of  the  different  kinds  of  prisms. 
Occasionally  in  large  masses,  coarse  columnar  or  granular  to  com- 
pact. Cleavage:  OP,  imperfect.  Fracture  conchoidal  to  uneven. 
Brittle..  H.  =  7.5-8.  G.  =  2.6-2.8.  Luster  vitreous,  sometimes 
resinous.  Color  pale  green,  emerald-green,  light  blue,  yellow 
and  white.  Streak  white.  Transparent  to  subtranslucent.  Comp., 
BeO  14.0,  AlA  19.0,  SiO^  67.0,  with  Na^O,  Li^O,  Cs^O  replac- 
ing BeO.      Varieties:   (1)  Ordinary,   Beryl.      Generally  in   hex- 
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agonal  prisms,  often  coarse  and  large.  Pale  green  the  common 
color.  Bluish  green  is  called  aqiui  marine.  Golden  Beryl  is  a 
clear  bright  yellow.  (2)  Emerald.  Color  bright  emerald-green 
due  to  the  presence  of  a  little  chromium,  and  highly  prized  as  a 
gem.  Beryl  comes  usually  in  granitic  Pegmatite  dikes,  and  is 
sometimes  very  large.  Emeralds  are  found  in  clay  slate  near  Muso, 
75  miles  north-northeast  of  Bogota,  United  States  of  Colombia; 
near  Ekaterinburg,  Urals;  Mt.  Zalora  in  Upper  Egypt  was  known 
to  the  ancients,  and  it  was  here  that  Cleopatra  obtained  her  famous 
emeralds.  Beryl  is  found  in  large  amounts  at  Acworth  and  Graf- 
ton, N.  H.,  and  Royalston,  Mass.,  but  they  are  of  poor  quality. 
One  was  found  at  Grafton  weighing -2,900  pounds;  it  is  thirty-two 
inches  through  in  one  direction,  twenty-two  in  a  transverse  direc- 
tion, and  is  four  feet  three  inches  long.  Good  emeralds  are  ob- 
tained near  Stony  Point,  Alexander  County,  N.  C.  Beryl  alters 
to  Kaolin  and  Mica. 


166.     lolUCj  or  CordierUe,  H2(Mg,Fe)4Al,SiioO„. 

Orthorhombic.  ocPob,  ooPdb,  ooP,  OP,  pyramids.  Crys- 
tals rare.  Twins:  ooP,  often  repeated  giving  pseudo-hexagonal 
forms;  also  polysynthetic  producing  lamellae.  Habit  short  pris- 
matic. Upright  faces  striated  vertically.  As  embedded  grains; 
also  massive,  compact.  Cleavage:  ooPdb,  distinct.  Fracture  sub- 
conchoidal.  H.  =  7-7.5.  G.  =  2.6-2.66.  Luster  vitreous.  Color 
light,  dark,  smoky  blue.  Transparent  to  translucent.  Pleochroic 
in  bluish  white,  yellowish  white,  and  blue.  Comp.,  HjO  1.5, 
MgO  10.2,  FeO  5.3,  AlA  33.6,  SiO^  49.4.  Occurs  in  Cordier- 
ite  Gneiss  and  certain  schists  as  a  result  of  metamorphic  action. 
It  alters  very  readily  to  Micas,  one  of  which  is  called  Finite.  It  is 
found  at  Bodenmais,  Bavaria;  at  Haddam,  Conn.,  with  Tourmaline 
in  a  granitic  vein  in  gneiss. 

167.     Nepheliie,  or  Elaeolite,  K^^ii^k\^\Jd^  or  (Na,K)AlSi04. 

Hexagonal.  ooP,  ooP2,  OP,  P.  Usually  in  six  to  twelve-sided 
prisms,  with   plane   or   modified   summits.     Also  massive,  com- 
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pact,  and  in  embedded  grains.  Cleavage:  ooP,  distinct;  OP, 
imperfect.  Fracture  subconchoidal.  Brittle.  H.  =  5.5-6.  G.= 
2.55-2.65.  liUster  vitreous  to  greasy.  Colorless,  white  or  yel- 
lowish; when  massive,  dark-green,  bluish  gray,  to  brownish  and 
brick-red.  Transparent  to  opaque.  Comp.,  if  Na:K=3:l,  NajO 
15.1,  K,0  7.7,  AlA  33.2,  SiO^  44.0.  Varieties:  (1)  Nephelite. 
Glassy.  Usually  in  small  vitreous  crystals  or  grains.  Found 
especially  in  younger  volcanic  rocks.  (2)  Elseolite.  In  large, 
coarse  crystals,  or  more  commonly  massive,  with  greasy  luster, 
and  reddish,  greenish,  brownish,  or  gray  in  color.  Found  in 
older  plutonic  rocks.  The  difference  seems  to  be  one  possibly  of 
freshness,  similar  to  the  Sanidine  and  Orthoclase  among  the  Feld- 
spars. These  minerals  are  found  in  Nepheline  Syenites,  Phonoiites, 
Nepheline  Tephrites,  and  Nepheline  Basalts.  They  alter  readily 
to  Zeolites,  such  as  Analcite  and  Thomsonite.  In  some  cases 
Sodalite  is  said  to  be  formed.  Occurs  in  southern  Norway  at  Fred- 
riksvam,  and  in  the  Langesund  Fiord  region;  Kangerdluarsuk, 
Greenland;  Sierra  de  Monchique,  southern  Portugal;  Montreal, 
Canada;  Beemerville,  N.  J.;  and  Magnet  Cove,  Arkansas. 


168.     Cancrinite,  HeNaeCa(NaC03)2Al/SiOJj. 

Hexagonal.  Rarely  in  prismatic  crystals  with  oc  P,  P.  Usu- 
ally massive.  Cleavage:  ooP,  perfect;  ooP2,  less  so.  H.  =  5-6. 
G.  =  2.42-2.5.  Color  yellow,  white,  gray,  green,  blue,  reddish. 
Streak  uncolored.  Luster  subvitreous.  Transparent  to  trans- 
lucent. Comp.,  HjO  3.9,  NajO  17.8,  Ca.0  4.0,  AljO,  29.3,  COj  6.3, 
SiOj  38.7.  Found  at  Barkevig  and  other  points  on  the  liangesimd 
Fiord  in  Southern  Norway;  Ditro,  Transylvania;  and  at  Litch- 
field, Maine.     It  is  generally  found  in  Nepheline  Syenites. 


SoDALiTK  Group.     Isomktric. 

1G9.  Sodalite,  Na^CAlCOAljCSiOJj. 

170.  Haiiynite,  (Na„Ca)j(NaS04.Al)Al2(SiO«)3. 

171.  Noselite,  Na^CNaSO^.AOAl^CSiOJj. 

172.  Lazurite,  Na^(XaS5.Al)Al,(SiO^),. 
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169.     Sodalite,  Na,(AlCl)A1,(SiO,)3. 

Isometric.  Commonly  in  oo  O.  Twins :  O,  forming  hexagonal 
prisms  by  elongation  after  a  trigonal  axis.  Also  massive  in  em- 
bedded grains;  in  concentric  nodules  formed  from  the  alteration 
of  Nephelite.  Cleavage:  ooO,  more  or  less  distinct.  H.  =  5.5-6. 
G.  =  2.14-2.30.  Luster  vitreous,  inclining  to  greasy.  Color  blue, 
gray,  greenish,  yellowish,  white.  Streak  uncolored.  Trans- 
parent to  translucent.  Comp.,  NajO  25.6,  Al^Og  31. iS,  CI  7.3,  SiO, 
37.2,  ^dth  potassium  present  in  small  amounts.  The  formula 
may  also  be  writt-en  3NaAlSi04  +  NaCl.  It  is  a  frequent  mineral 
in  Nepheline  Syenites,  Phonolites,  and  certain  Trachytes.  It  is 
found  at  Vesuvius  in  bombs;  in  the  Langesund  Fiord  region  of 
southern  Norway;  Ditro,  Transylvania;  Litchfield,  Maine;  Hast- 
ings Co.,  Ontario,  Canada  iji  considerable  amoimts.  SodaJite 
is  generally  a  primary  mineral,  but  sometimes  it  is  an  alteration 
product  of  Nepheline. 

170.     Hauynite,  or  Hauyne,  Na2Ca(NaS04. Al)Alj(SiO,)s. 

Isometric.  Sometimes  in  ocO  or  0,  but  generally  in  rounded 
grains,  often  looking  like  crystals  with  fused  surfaces.  Twins: 
00  02,  contact,  penetration,  polysynthetic.  Clefltvage:  ooO,  rather 
distinct.  H.  =  5.5-6.  G.  =  2.4-2.5.  Luster  vitreous  to  greasy. 
Color  bright  blue,  sky  blue,  greenish  blue,  greenish,  red,  yel- 
low. Comp.,  Na^O  16.6,  CaO  10.0,  AlA  27.2,  SO,  14.2,  SiO, 
32.0.  Formula  may  be  written  2(Na2,Ca)Al2(SiO,),-f  (Na2,Ca)S04. 
Haiiyne  is  found  in  alkali  rocks  like  Phonolite  and  Tephrite,  as  in 
the  Vesuvian  lavas,  which  are  Leucite  Tephrites;  Tavolato,  near 
Rome;  Niedermendig,  Eifel,  Germany;  Phonolites  of  the  Hohen- 
twiel,  near  Constance,  in  Baden,  Germany. 

171 .    Noselite,  or  Nosean,  Na,(NaSO, .  Al)Al3(Si04)8. 

Isometric.  ooO.  Twins  like  Sodalite.  Often  granular,  mas- 
sive. H.  =  5.5.  G.  =  2.25-2.4.  Color  grayish,  bluish,  brownish; 
sometimes  black  and    nearly  opaque    from   inclusions.     Comp., 
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NajO  27.3,  AlA  26.9,  SO,  14.1,  SiO^  31.7.  Forauila  may  be 
written  4NaAlSi04-hNa2S04.  Found  in  Phonolitesin  the  Laacher 
See  district,  near  the  Rhine,  Germany,  as  at  Rieden;  also  at 
Hohentwiel  and  the  Kaiserstuhl  Mountains  in  southern  Baden; 
Canary  and  Cape  Verde  Islands. 


172.     Lazurite,  or  Lapis-lazidi,  Na4(NaS8.  Al)Al2(Si04)3. 

Isometric.  ooO,  also  ooOoo.  Also  massive  compact.  Cleav- 
age: 00  O,  imperfect.  H.  =  5-5.5.  G.  =  2.38-2.45.  Luster  vitre- 
ous. Color  Berlin-blue  or  azure  blue,  violet  and  greenish  blue. 
Comp.,  NaaO  27.3,  AlA  26.9,  SiOj  31.7,  S  16.9.  Also  written 
3NaAlSi04 -f- Na^Sj.  Lapis-lazuli  also  contains  calcium  and  chlo- 
rine, showing  that  other  members  of  the  group  are  present.  It 
is  highly  valued  for  ornaments,  mosaics,  and  was  also  used  for 
the  paint  called  ultramarine,  but  is  now  replaced  by  an  artificial 
compound  of  the  same  composition.  The  original  mineral  was 
a  mixture  of  Lazurite,  Diopside,  Amphibole,  Muscovite,  Calcite, 
and  Pyrite.  It  occurs  in  limestone  a  few  miles  above  Firgamu,  • 
in  the  Kokcha  valley,  a  branch  of  the  Oxus,  Badakshan,  where 
it  is  quarried;  also  at  the  south  end  of  Lake  Baikal,  Siberia;  near 
Rome  in  limestone  inclusions  of  a  rock  called  peperino.  It  is 
probably  always  a  result  of  contact  metamorphism  in  limestone. 


Garnet  Group.    Isometric,  Holohedral,  Isomorphous. 

R3"R^"'(Si04)3,  or  3RO.R30s.3Si02.    R° = Ca,Mg,Fe,Mn. 
R"'=Al,Fe,Mn,Cr,Ti. 

173.  Gamet. 

Grossularite,  CajAljCSiOJj.  ] 

Pyrope,  MgjAl.CSiOOa. 

Almandite,     FejAljCSiOJj. 

Spessartite,     Mn3Alj(Si04)j. 

Andradite,      CajFcj  (8104)3,     also     (Ca,Mg),Fe,(Si04),     and     CajFe- 

[(Si,  Ti)04l. 
Uvarovite,      CajCrj  (8104)3. 

174.  Schorlomite,       Ca3(Fe,Ti)i(Si,Ti)0J. 
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173.    Ganiel. 

Isometric.  Varieties  are  completely  isomorphoiis.  In  202  and 
ooO  or  combinations  of  the  two,  sometimes  with  30f.  ooO  is 
found  in  gneisses,  while  202  or  its  combination  with  cc  O  are  foimd 
in  Mica  Schists.  Twins:  oc02,  not  common.  In  irregular  em- 
bedded grains.  Also  massive;  granular,  coarse,  or  fine,  and  some- 
times friable;  lamellar  with  lamellae  thick.  Also  very  compact. 
Cleavage  (or  parting):  ooO,  sometimes  distinct.  Fracture  sub- 
conchoidal  to  uneven.  Brittle,  sometimes  friable  when  granular 
massive.  H.  =  6.5-7.5.  G.  =  3.15-4.3,  varying  with  the  compo- 
sition. Luster  vitreous  to  resinous.  Color  red,  brown,  yellow, 
white,  green,  and  black.  Streak  w^hite.  Transparent  to  sub- 
translucent.  Refractive  index  high.  Often  exhibits  faint  double 
refraction,  due  to  internal  tension  or  pressure.  They  are  not 
attacked  by  acids,  but  when  melted  they  have  a  smaller  specific 
gravity  and  are  easily  soluble.  They  are  used  for  gems  when  of  red 
color.  There  are  three  classes — aluminium,  iron,  chromium  Gar- 
nets. Varieties:  (1)  Grossularite,  or  Cinnamon  stone,  Ca3A]j(Si04)3 
with  CaO  37.3,  AlA  22.7,  SiOj  40.0,  but  since  all  varieties 
mix  in  every  proportion,  FeO  may  replace  CaO,  and  Fe-^O,,  AljO,. 
G.  =  3.55-3.66.  Color  white,  yellow,  pale  green,  cinnamon-brown, 
yellowish  brown.  (2)  Pyrope,  IVIggAl^CSiO^),.  MgO  29.8,  AlA 
25.4,  SiOj  44.8,  with  calcium  and  iron.  G.  =  3.70-3.75.  Color 
deep  red  to  nearly  black.  When  transparent  is  prized  as  a  gem. 
(3)  Almandite,  or  Almandine,  FegAl.CSiOJs.  FeO  43.3,  AlA  20.5, 
SiOj  36.2,  with  FeA  and  MgO.  G.  =  3.9-^1.2.  Color  fine  deep 
red,  transparent  in  precious  Garnet;  brownish  red,  translucent  or 
subtranslucent  in  common  Garnet.  The  gems  are  sometimes  called 
Carbuncles.  (4)  Spessartite,  or  Spessartine,  Mn3Al2(Si04)s.  MnO 
43.0,  AI2O3  20.6,  SiOz  36.4,  with  ferrous  and  ferric  iron.  Color 
dark  hyacinth-red  to  brownish  red.  First  found  by  von  Kobell 
in  the  Spessart  Forest  near  Aschaffenburg,  Germany.  The  so- 
called  Wetzschiefer  of  Luxemburg  is  used  for  grindstones,  which 
owe  their  abrasive  power  to  the  immense  number  of  small  Garnets 
of  this  variety.  (5)  Andradite,  common  Garnet,  Ca3Fe3(Si04)5- 
CaO  33.0,  FcjOa  31.5,  SiOj  35.5,  but  with  considerable  amounts 
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of  Al,  Fe",  Mil,  Mg.  G.  =  3.8-3.9.  Coloi-s  various,  black,  brown, 
brownish  yellow,  and  green  being  most  common.  Melanite  is 
intense  black,  lustrous  or  dull.  Polyadelphite  is  a  massive  brown* 
ish-yellow  kind,  sometimes  in  crystals  from  Franklin  Furnace, 
N.  J.,  containing  manganese  up  to  17%.  Some  contain  titanium 
and  grade  toward  Schorlomite.  (6)  Uvarovite,  CajOjCSiO^),. 
CaO  38.5,  Cr-^Oa  30.6,  SiOz  35.9,  with  aluminium  always  replacing 
Chromium  up  to  18%.  Both  kinds  of  iron  also  present.  H.==7.5. 
G.  =  3.41-3.52.     Color  emerald-green. 

The  Garnets  occur  most  often  in  metamorphic  rocks;  and  when 
found  in  igneous  rocks,  one  can  conclude  that  they  have  been  sub- 
jected to  pressure.  They  are  most  frequent  in  gneisses,  schists, 
and  crystalline  limestones.  Garnet  is  also  foimd  in  rolled  grains 
in  placer  deposits.  Grossularite  is  most  common  in  limestone. 
Pyrope  is  found  in  Serpentines  which  come  from  the  decompo- 
sition of  Peridotites  and  Gabbros  rich  in  Magnesia.  Melanite  is 
found  in  Phonolites,  Leucite,  and  Nepheline  Basalts  evidently 
primary  in  origin.  Uvarovite  occurs  with  Chromite  in  Serpen- 
tine. Grossularite  is  found  in  Ceylon;  Mussa-Alp,  Ala  Valley. 
Piedmont,  Italy;  Auerbach,  Germany;  colorless  at  Hull,  Canada; 
Parsonsfield  and  Phippsburg,  Maine;  Bakersville,  N.  C.  Fine 
Almandite  is  found  in  Mica  Schist  near  Fort  Wrangel,  Alaska, 
with  00 O,  202;  in  Eclogitc  near  Hof,  Bavaria;  Reading  and  Mon- 
roe, Conn.;  in  the  Gold  placers  of  North  Carolina;  in  large  ooO 
weighing  up  to  14^  pounds  at  Ruby  Mountain,  Salida,  Chaffee  Co., 
Colo.,  covered  by  a  green  layer  of  Chlorite  from  alteration.  Pyrope 
is  found  in  Serpentine  and  sands  near  Meronitz,  Bohemia,  where 
the  gem  variety  is  mostly  obtained;  also  at  Kimberley  with  Dia- 
monds; very  good  specimens  with  Peridotite  in  Elliott  Co.,  Ky.; 
and  in  ant-hills  on  the  Navajo  Indian  Reservation  in  New 
Mexico  with  Olivine  and  Chrome  Diopside.  Melanite  is  found  in 
brilliant  black  crystals  on  Monte  Somma,  Vesuvius;  Kaiserstuhl, 
Baden;  and  containing  titanium  at  Magnet  Cove,  Ark.  Polyadel- 
phite at  Franklin,  N.  J.  Spessartite  in  the  Spessart,  Bavaria; 
San  Marcel,  Piedmont  with  Piedmontite;  in  the  whetstones  of 
the  Ardennes  as  at  Ottrez,  Belgium;  fine  gems  at  the  Mica  mines, 
Amelia  Court  Plouse,  Va.;  Nathrop,  Colo.,  in  the  Rhyolite  cavities 
with  Quartz  and  Topaz.     Uvarovite  is  fo\md  with  Chromite  near 
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Bisersk,  and  elsewhere  in  the  UraLs;  Jordansmiihl,  Silesia;  at  Wood's 
Chromite  mine,  Texas,  Lancaster  Co.,  Pa.;  also  on  Chromite  at 
New  Idria,  Cal.  Garnets  alter  to  iron  ores,  Talc,  Serpentine,  and 
Chlorite. 


174.  Schorlomite,  Ca,(Fe,Ti)j:(Si,Ti)04],. 

Isometric.  In  mOm,  xO,  but  usually  massive  without  cleav- 
age. Fracture  conchoidal.  H.  =  7-7.5.  G.  =  3.81-3.88.  Luster 
vitreous.  Color  black.  Streak  grayish  black.  An  analysis  from 
Magnet  Cove  gave  CaO  29.78,  FeA  21.58,  TiO,  22.10,  vSiO,  25.66, 
sometimes  with  a  little  ferrous  iron  and  magnesium.  It  occurs 
in  Nepheline  Syenites  at  Magnet  Cove,  Ark.;  also  Ivaara,  Finland. 
It  gelatinizes  with  HCl,  the  solution  becoming  violet  when  boiled 
with  tin. 

175.  Olivine,  or  Chrysolite,  (Mg,Fe)jSi04. 

Orthorhombie.  ocPx,  xPx,  OP,  xP,  ooP2,  2PA,  Poc,  P. 
Twins:  Pob,  rare.  Crystals  not  common.  Usually  massive  gran- 
ular to  compact,  or  in  embedded  grains.  Cleavage  poor  after 
the  three  pinacoids.  Fracture  conchoidal.  Brittle.  IT.  =  6.5-7. 
(J.  =  3.27-3.37.  Luster  vitreous.  Color  olive-green,  sometimes 
brownish,  grayish  red,  grayish  green,  becoming  yellowish  brown 
or  red  by  the  oxidation  of  the  iron.  Streak  uncolored,  rarely 
yellowish.  Transparent  to  translucent.  Comp.,  the  ratio  of  Mg 
to  Fe  varies  widely,  from  16:1,  12:1,  to  2:1;  a  very  common 
one  is  9:1,  which  gives  MgO  49.2,  FeO  9.8,  SiOj  41.0,  with 
small  amounts  of  nickel,  titanium,  lime,  and  manganese.  It  is 
found  in  basic  igneous  rocks  like  Gabbros,  Norites,  Peridotites/ 
and  Basalts,  also  in  volcanic  bombs  and  meteorites.  A  variety  of 
Peridotite  called  Dunite  is  composed  chiefly  of  Olivine  with  some 
Chromite  and  possibly  Chrome  Diopside.  It  is  found  in  ejected 
masses  at  Monte  Somma;  as  Olivine  in  bombs  at  Dreis  in  the  Eifel, 
Germany;  as  Dunite  in  the  Dun  Mountains,  New  Zealand;  and  at 
Webster,  Jackson  Co.,  N.  C.  Olivine  alters  very  readily  to  Ser- 
pentine, but  one  of  the  first  stages  is  oxidation  of  the  iron  in  which 
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the  mineral  becomes  brownish  or  reddish  brown  and  iridescent- 
but  afterward  it  may  leave  a  cavity  filled  with  Limonite  or  Hema- 
tite. At  times  Olivine  contains  nickel,  and  the  alteration  of  such  a 
mineral  may  result  in  the  formation  of  Gamierite,  which  may  be 
considered  as  a  Serpentine  high  in  nickel. 


176.     Willemite,  Zn^SiO^.     Troostite,  (Zn,Mn)3Si04. 

Hexagonal,  rhombohedral.  ooP2,  R,  -^R.  Either  long  or 
short  prismatic.  Also  ma-ssive  and  in  grains.  Cleavage:  Often 
easy  after  OP  and  oo  P2,  but  varies.  Fracture  conchoidal  to  un- 
even. Brittle.  H.  =  5.5.  G.  =  3.89-4.18.  Luster  vitroo-resin- 
ous,  ratl*er  weak.  Color  white  or  greenish  yellow  when  purest ; 
apple-green,  flesh-red,  grayish  white,  yellowish  brown.  Streak 
uncolored.  Transparent  to  opaque.  Comp.,  ZnO  73.0,  8iO2  27.0, 
often  with  a  little  ferrous  iron,  and  in  the  variety  Troostite,  MnO 
up  to  12%.  Troostite  occurs  in  good  cr^'stals,  often  large,  of  flesfl- 
red  to  gray  color.  Willemite  is  decomposed  by  HCl  with  separa- 
tion of  gelatinous  silica.  It  is  only  found  at  Altenberg,  and  else- 
where near  Aix-la-Chapelle,  Germany,  and  at  Franklin  Furnace 
and  Steriing  Hill,  N.  J.  In  the  New  Jersey  district  it  is  the  im- 
portant zinc  ore,  and  generally  contains  some  MnO. 


177.     Phenacite,  BejSiO^. 

Hexagonal,  rhombohedral  tctartohedral.  Always  in  crj^stals 
which  are  commonly  rhombohedral  in  habit  bounded  by  R,  -R, 
|P2,  00  P2  small,  and  a  rhombohedron  of  the  third  order.  Also 
prismatic  with  the  same  faces  together  with  ooP.  Twins:  pene- 
trations with  parallel  axes.  Cleavage:  xP2,  distinct.  Luster 
vitreous.  Colorless;  also  yellowish.  Transparent  to  subtrans- 
lucent.  Comp.,  BeO  45.55,  SiOj  54.45.  It  is  isomorphous  with 
Willemite.  It  is  foimd  in  Pegmatites  with  Beryl,  Amazonite, 
Topaz,  as  at  Topaz  Butte,  near  Florissant,  16  miles  from  Pike's  Peak, 
and  Mount  Antero,  Chaffee  Co.,  Colo. ;  also  near  Miask  in  the  Ilmen 
Mountains,  Russia,  and  with  Adularia,  Hematite,,  and  Quartz  at 
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Reckingen,  Canton  Valais.  Switzerland.  It  is  evidently  produced 
by  the  action  of  gases  similar  to  the  fumarole  period  of  volcanic 
action. 

178.    Dioptaae,  HjCuSiO^. 

Hexagonal,  rhombohedral  tetartohedral.  ooP2,  —  2R,  with 
rhombohedrons  of  the  third  order.  Crystals  commonly  pris- 
matic. Twins:  R,  geniculated.  Also  indistinct  crystalline  aggre- 
gates; massive.  Cleavage:  R,  perfect.  H.  =  5.  G.  =  3.28-3.35. 
Luster  vitreous.  Color  emerald-green.  Streak  green.  Comp., 
CuO  50.4,  HjO  11.4,  SiOj  38.2.  It  is  a  rare  mineral.  It  is  found 
with  Quartz  in  dnises  in  limestone  west  of  the  hill  of  Altyn-Tiibe, 
Kirghese  Steppes;  Copiapo,  Chile,  with  other  copper  ores;  in  fine 
crystals  at  the  Mine  Mindouli,  east  of  Comba,  French  Congo;  and 
in  the  copper  mines  of  Clifton,  Graham  Co.,  Ariz. 

ScAPOLiTE   Group.      Tetragonal.      Pyramidal    Hemihedral. 

ISOMORPHOUS. 

Meionite,  Ca^AleSieOa,  or  CaO  +  3(Anorthite,  CaAI^Si,Og). 

179.  Wemerite,  Me,Ma,  to  MciMa^. 

Mizzonite,  MciMa^  to  MejMa,. 

Marialite,  Na^Al^SijOj^Cl,  or  NaCl  +  3(Albite,  NaAlSi A)- 

The  Scapolites  are  similar  in  composition  to  the  Plagioclase 
Feldspars  and  are  also  isomorphous,  being  composed  of  Meion- 
ite (Me)  and  MariaUte  (Ma)  in  variable  proportions.  They  are 
white  or  grayish  in  color  except  when  impure,  in  which  case 
greens  are  most  frequent.  H.  =  5-6.5.  Gravity  varies  from  2.56  in 
Marialite  to  2.74  in  Meionite.  They  are  usually  found  in  meta- 
morphic  rocks,  sometimes  being  derived  from  the  metamorphosis 
of  the  Feldspars.  The  most  frequent  species  Ls  common  Scapo- 
lite  or  Wernerite. 

179.     Wernerite,  McgMa^  to  Me^Ma,. 

Tetragonal,  pyramidal  hemihedral.  ooPoo,  ooP,  P.  Some- 
times the  pjTamidal  faces  are  arranged  in  distorted  pairs  with  a 
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resemblance  to  nionoclinie  forms.  Also  massive,  granular,  col- 
umnar. Cleavage:  cjoPoo,  ooP,  rather  distinct.  Brittle.  H.  =  5-6. 
G.  =  2.66-2.73.  Laster  vitreous  to  pearly.  Color  white,  gray, 
greenish,  bluish,  pink,  lilac.  Comp.,  varies  from  MegMa^  to  Mej 
Ma,.  The  ratio  1:1  is  frequent  and  gives  CaO  12.90,  Na^O  7.15, 
CI  2.04,  AiPj  26.47,  SiOj  51 .90.  Most  frequently  found  in  granular 
limestone  as  at  Pargas,  Finland;  Arendal,  Norway,  with  Magne- 
tite; Bolton,  Mass.  (lilac);  Warwick,  Amity,  and  elsewhere  in 
Orange  Co.,  New  York;  Franklin  Furnace,  N.  J.;  at  Odegaardcn, 
near  Bamle,  Norway,  a  variety  near  Mizzonite  is  found  with 
large  Apatite  deposits  connected  with  metamorphic  Gabbros. 
Wernerite  alters  to  Muscovite  Epidote,  Talc,  Kaolin. 

180.     Vesuvianite,  or  Idocrase,  H^Cai2(Al,Fe)8Si,o()4s. 

Tetragonal.  Crystals  commonly  prismatic,  xP,  ooPoo,P,  OP; 
at  times  pyramidal  with  the  same  forms.  Also  massive,  colum- 
nar, granular,  massive.  Cleavage:  ooP,  not  very  distinct.  Frac- 
ture subconchoidal  to  uneven.  Brittle.  H.  =  6.5.  G.==  3.35-3.45. 
liuster  vitreous  to  resinous.  Color  brown  to  green;  at  times 
yellow.  Streak  white.  Composition  variable,  that  from  Vesu- 
vius giving  HjO  1.32,  CaO  35.67,  Al^O,  16.70,  FeA  2.99,  FeO 
2.01,  MnO  0.57,  MgO  2.62,  Na^O  0.43,  K/)  0.08,  F  1.08,  SiO^  36.98. 
It  was  first  foimd  in  the  ejected  blocks  on  Monte  Somma,  Vesuvius. 
It  is  a  mineral  formed  typically  by  the  contact  action  of  igneous 
rocks  upon  others  containing  lime,  especially  limestones,  in  the 
crystalline  varieties  of  which  it  is  most  frequently  found,  as  at 
Sanford,  Parsonsfield,  and  elsewhere  in  Maine;  Mount  Monzoni, 
Fassathal,  Tyrol.  Vesuvianite  is  often  associated  with  Garnet. 
It  alters  to  Talc,  Mica,  and  Chlorite. 


1 81 .     ZircoUj  ZrSiOi- 

Tetragonal.  Commonly  prismatic,  bounded  by  ooP,  P,  with 
00 Poo,  3P,  Poo,  sometimes;  also  pyramidal.  Twins:  Poo,  genic- 
ulated  like  Rutile  and  Cassiterite,  with  which  it  is  so  closely  re- 
lated in  form,  axial  ratio,  and  other  properties  that  it  has  been 


582  GENERAL  AND  SPECIAL  MINERALOGY 

considered  by  some  as  an  oxide  of  Zirconium  and  Silicon.  It 
also  occurs  in  irregular  forms  and  grains.  Cleavage:  ocP,  imper- 
fect. Fracture  conchoidal.  Brittle.  H.  =  7.5.  G.  =  4.68-4.70. 
Luster  adamantine.  Colorless,  pale  yellowish,  grayish,  brown- 
ish yellow,  reddish  bro\^Ti,  black.  Streak  uncolored.  Trans- 
parent to  opaque.  Optically  positive.  Refractive  index  high, 
and  double  refraction  strong.  Comp.,  ZrOj  67.2,  SiO,  32.8,  with 
a  little  FcjOj  usually.  ^  It  occurs  primarily  in  Granites,  Syenites, 
Nepheline  Syenites  in  small  quantities,  and  is  subsequently  con- 
centrated in  placers,  as  in  Ceylon,  gold  districts  of  the  Urals, 
many  localities  in  southern  Norway  where  it  is  found  primary  in 
Zircon  Syenite  with  il^girite  and  Nephelite.  It  is  found  in  the 
gold  sands  of  North  Carolina  in  Burke,  Polk,  and  other  counties. 
In  Henderson  Co.,  N.  C,  it  occurs  in  an  altered  granite  at  the 
Freeman  mine  near  Green  River,  and  is  mined  economically.  It 
is  used  for  gems  when  of  orange,  reddish,  or  brownish  color,  and 
transparent,  being  known  as  Hyacinth.  It  is  also  used  for  the 
axes  of  wheels  and  physical  instruments,  and  is  said  to  be  used 
in  the  manufacture  of  cheap  Welsbach  niantles. 


182.     Topa^,  [Al(F,0H)JAlSi04. 

Orthorhombic.  Habit  prismatic,  with  two  different  types  ac- 
cording to  the  terminations.  (1)  Brazilian,  bounded  by  ooP,  ooP2, 
P.  (2)  Schneckenstein,  or  Ural  type,  with  ooP,  a)P2,  OP,  P, 
and  one  or  two  brachydomos,  2Pob ,  4Pd6 .  Utah  crystals  are  much 
varied  and  are  a  combination  of  both  with  additional  prisms, 
brachypinacoid  and  macrodomes  and  pyramids.  Prismatic  faces 
often  vertically  striated.  Also  columnar,  massive,  'granular. 
Cleavage :  OP,  highly  perfect,  giving  loose  crystals  a  hemimorphic 
appearance.  Fracture  subconchoidal  to  uneven.  Brittle.  H.  =  8. 
G.  =  3.4-3.65.  Luster  vitreous.  Colorless,  white,  straw-yellow; 
wine-yellow,  greenish,  bluish,  reddish.  Streak  uncolored.  Trans- 
parent to  subtranslucent.  Comp.,  AljOj  56.5,  F  17.6,  SiO, 
33.3,  or  Al  29.9,  F  17.6,  Si  15.5,  0  36.9.  The  deep  \^ane- 
yellow  colors  often  fade  on  exposure  to  light,  and  the  yellow  of 
the  Brazilian  crystals  is  changed  into  pink  by  heat.    Topaz  oc- 
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cui-s  in  Granite  with  Tourmaline,  Mica,  Beryl,  Apatite,  and  Fliio- 
rite,  also  in  cavities  in  Rhyolite  and  other  volcanic  rocks.  It  is  evi- 
dently formed  by  the  gases  of  igneous  rocks  acting  upon  the  rocks 
themselves.  The  largest  Topaz  ever  foimd  is  a  transparent  cr}^s- 
tal  of  wine-yellow  color  in  the  St.  Petersburg  Imperial  Museum. 
It  is  eleven  and  three-eighths  inches  long,  six  and  one-half  inches 
wide,  and  weighs  22^  pounds,  and  came  from  Siberia.  Fine  crj-s- 
tals  are  found  in  the  Urals  near  Ekaterinburg,  and  at  Miask  in  the 
Ilmen  Mountains;  with  Cassiterite  in  Saxony  at  Zinnwald,  Alt<*n- 
berg,  and  Schneckenstein ;  Villa  Rica,  and  elsewhere  in  the  province 
of  Minas  Geraes,  Brazil;  Stoneham,  Maine,  in  Albite-granite  as 
crystals  and  massive;  in  cavities  in  Rhyolite  from  the  Thomas 
Range,  Utah.     It  alters  to  Talc  and  Kaolin.     Used  as  a  gem. 


183.     Andalusite-Chiastolite,  (AlOAlSiO^. 

Orthorhombic.  Usually  in  coarse  prismatic  forms  bounded 
by  X  P,  0  00 ,  and  possibly  oo  Poo ,  oo  P3.  Massive,  imperfectly 
columnar;  sometimes  radiated,  and  granular.  Cleavage:  ooP, 
distinct.  H.  =  7.5.  G.  =  3.16-3.20.  Luster  vitreous,  often  weak. 
Color  whitish,  rose-red,  violet,  gray,  reddish  brown,  olive-green. 
Streak  uncolored.  Pleochroism  strong.  Comp.,  AI3O3  63.2,  SiO, 
36.8,  with  a  little  FejOg  usually.  Chiastolite  is  a  variety  consist- 
ing of  stout  crystals  having  the  axis  and  angles  of  a  different 
color  from  the  rest  owing  to  a  regular  arrangement  of  carbon- 
aceous impurities  through  the  crystal.  Chiastolite  is  always  a 
product  of  contact  metamorphism,  and  is  generally  found  in  clay 
slates  with  some  original  bituminous  matter.  Andalusite  has  the 
same  occurrence  but  it  is  also  found  in  Mica  schist  and  gneiss. 
Occurs  at  Andalusia,  Spain;  Rabenstein,  Bavaria;  fine  Chiastolite 
at  Lancaster,  Mass.  Alteration  products  are  Kaolin  and  Mus- 
covite. 

184.    Sillimanite,  Al^SiOg. 

Orthorhombic.  Commonly  in  long  slender  crystals  not  dis- 
tinctly  terminated;   fibrous    and    columnar   massive.    Cleavage: 
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00  db,  very  perfect.  H.  =  6-7.  G.= 3.23-3.24.  Luster  vitre- 
ous. Color  brown,  grayish  white,  greenish.  Streak  uncolored. 
Comp.,  AljOs  63.2,  SiO,  36.8,  as  in  Andalusite.  Alwa3rs  occurs 
in  metamorphic  rocks  like  gneisses  and  schists. 


185.    CyaniU,  {A10):^iO^. 

Triclinic.  ooPob,  ooP<3b,  ooP,  OP.  Usually  in  long-bladed 
crystals,  rarely  terminated.  Twins:  (1)  ooPoo,  often  polysyn- 
thetic.  (2)  OP,  penetration,  and  as  the  result  of  pressure  often  re- 
peated; also  after  other  complex  laws.  Sometimes  coarsely 
bladed  columnar  to  subfibrous.  Cleavage:  ooPoo,  very  per- 
fect; ooPdbyless  perfect;  also  parting  after  OP,  which  is  a  gliding 
plane,  parallel  to  which  twinning  is  produced  by  pressure.  H.= 
4-5  parallel  to  the  vertical  axis  on  ooPdo ;  6-7  parallel  to  the  b 
axis.  Luster  vitreous  to  pearly.  Color  blue,  green,  white,  gray, 
black.  Streak  uncolored.  Comp.,  AljOj  63.2,  SiO,  36.8,  as  in 
Sillimanite  and  Andalusite.  At  a  temperature  of  from  1320**- 
1380^  it  is  transformed  into  Sillimanite.  It  is  foimd  in  metamor- 
phic rocks  such  as  gneisses  and  schists,  generally  associated  with 
Quartz  and  Muscovite  or  Paragonite;  with  the  latter  at  Monte 
Campione  in  the  St.  Gotthard  region  of  Switzerland.  It  is  also 
found  at  Chesterfield,  Mass.;  Philadelphia,  Penn.;  Willis's  Moun- 
tain, Buckingham  County,  and  near  Chancellorsville,  Spottsylvania 
Coimty,  Va.    It  alters  to  Talc 


186.    DatolUe,  HCaBSiOg. 

Monoclinic.  Habit  varied.  Usually  short  prismatic  boimded 
by  wP,  ooP<»,  —  P,  Poo,  and  sometimes  OP.  Often  highly  modi- 
fied. Also  colimmar;  sometimes  massive  compact.  Cleavage  not 
observed.  H.  =  5-5.5.  G. = 2.9-3.0.  Luster  vitreous.  Color  white, 
sometimes  pale  green,  yellow.  Streak  white.  Transparent  to  trans- 
lucent, rarely  opaque  white.  Comp.,  HjO  5.6,  CaO  35.0,  B,0,  21.8, 
SiOj  37.6.  It  is  foimd  as  a  secondary  mineral  in  basic  igneous  rocks, 
generally  with  Zeolites  as  in  the  Diabase  of  the  Palisades  in  New 
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Jersey.   It  occurs  in  crystals  and  compact  in  the  Melaphyrs  of  the 
copper  region  of  Lake  Superior. 


Epidote  Group.    Orthorhombic  and  Monoclinic. 

Basic  Orthosilicates,  V(R°'OH)R,™(SiO0,.    R"«Ca,Fe"; 
R°^=Al,Fe«,Mn"',Ce. 

ORTHORHOMBIC. 

187.  Zoiaite,        Ca,(A10H)Al,(SiOJ,. 

MONOCLINIC. 

189.  Redmontite,  Ca,(A10H)(Al,Fe,Mn),(SiO«),. 

190.  Allanite,  (Ca,  Fe),(A10H)(Al,Fc,Ce,La,Di),(SiOJ,. 

The  group  is  isomorphous,  although  in  different  systems,  but 
the  angles  are  nearly  the  same,  and  the  isomorphism  is  similar  to 
the  Anorthoclase  Feldspars,  which  were  isomorphous  growths  of 
Albite  and  Orthoclase,  though  in  different  systems. 


187.    ZoisUe,  Ca2(A10H)Al,(Si04),. 

Orthorhombic.  Crystals  prismatic,  deeply  striated  and  fur- 
rowed verticaUy,  and  seldom  distinctly  terminated.  Also  massive, 
columnar  to  compact.  Cleavage:  ooP*,  very  perfect;  ooPab,  not 
so  good.  Luster  vitreous.  Color  greenish  white,  yellowish  brown, 
apple-green,  pink.  Comp.,  CaO  24.6,  H^O  2.0,  AlaO,  33.7,  SiO,  39.7 
with  sometimes  a  little  iron  grading  toward  Epidote.  It  is  formed 
chiefly  by  the  alteration  or  metamorphosis  of  Plagioclase  and 
is  found  chiefly  in  metamorphic  rocks,  though  at  times  in  decom- 
posed basic  igneous  rocks.  Thulite  is  a  rose-red  variety  which  is 
found  in  a  Quartz  rock  at  Kleppau,  Tellemarken,  Norway.  Zoisite 
is  foimd  in  the  Eclogites  of  the  Fichtelgebirge,  Bavaria,  and  at 
Ducktown,  Tenn.,  with  copper  ores. 
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Monoclinic.  Bounded  by  ooP*,  OP,  one  or  more  orthodomes 
like  iP«),  Poo,  2P«),  abo  P,  Poo,  and  ooP,  generally  very  small. 
Crj'^stals  usually  prismatic  parallel  to  6,  and  terminated  at  one  end 
only.  The  orthozone  is  generally  striated  parallel  to  fc.  Twins:  (1) 
ooP«>,  common,  at  times  repeated.  (2)  OP  rare.  Also  fibrous, 
divergent  or  parallel;  granular,  coarse  or  fine,  sometimes  forming 
rock  masses.  Cleavage:  OP,  perfect;  ooP*,  imperfect.  Fracture 
uneven.  Brittle.  H.=6-7.  G.  =  3.25-3.5.  Luster  vitreous  to 
resinous.  Color  pistachio-green  or  yellowish  green  to  brownish 
green  and  greenish  black,  rarely  grajdsh  white,  and  then  does  not 
contain  iron.  Streak  uncolored,  grayish.  Transparent  to  opaque, 
generally  translucent.  Pleochroism  strong  in  yellows,  greens,  and 
browns.  Refractive  index  and  double  refraction  strong.  Formula  also 
written,  HCa2(Al,Fe)8Si30is.  The  ratio  of  Al:Fe  varies  commonly 
from  6:1  to  3:2.  That  of  Unt^rsulzbach  varies  near  2:1,  giving  in 
one  analysis  BjO  2.05,  CaO  23.27,  AljO,  22.63,  Fe,0,  14.02,  FeO 
0.93,  SiOa  37.83.  Epidote  is  found  in  metamorphic  rocks  like  schists 
and  granular  limestones,  also  in  the  contact  zone  of  igneous  rocks- 
It  is  frequently  found  as  a  decomposition  product  in  igneous  rocks, 
sometimes  filling  amygdaloidal  cavities.  It  results  from  the  mutual 
decomposition  of  Plagioclase,  Amphibole,  Pyroxene  and  Biotite. 
The  finest  crystals  come  from  cavities  in  an  Epidote  schist  on  the 
Knappenwand,  Untersulzbachthal,  Tyrol,  associated  with  Adularia* 
Apatite,  Titanite,  and  Scheelite;  also  at  Monzoni  in  the  Fassa- 
thal,  Tyrol,  and  in  the  Zillerthal  of  the  same  region;  it  occurs  in 
the  basaltic  rocks  of  New  Jersey  and  Michigan,  in  good  cr3rstals 
with  Calcite  and  Uralite  at  the  Calumet  mine,  Calumet,  Chaffee 
Co.,  Colo.;  recently  fine  crystals  have  been  found  at  Ketchikan, 
Alaska.  Epidote  is  less  liable  to  alteration  than  many  silicates 
because  it  contains  mostly  ferric  iron. 

189.    PiedmotitUe,  Ca2(A10H)(Al,Fe,Mn)2(Si04)8. 

Monoclinic.  Crystals  like  Epidote,  but  distinct  forms  rare  and 
faces  usually  dull.    Twins:  oop<»,  often  polysynthetic.    Also  mas- 
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sive.  Cleavage:  OP,  perfect;  ooP*  less  so,  fragile.  H.  =  6.5.  G.=» 
3.40.  Luster  vitreous.  Color  reddish  brown  and  reddish  black,  in 
very  thin  splinters  columbine-red.  Streak  reddish.  Beautiful 
pleochroism  in  reds,  reddish  purples,  and  yellows.  Comp.,  that  of 
San  Marcel  gave  CaO  22.19,  H^O  1.78,  AlA  15.03,  MnA  15.0, 
FejOg  8.38,  SiO,  38.64.  It  is  a  manganese  Epidote.  It  occurs  in 
metamorphic  rocks  at  San  Marcel,  near  Aosta,  Piedmont,  Italy. 
It  is  also  found  in  considerable  amounts  in  the  Piedmontite  schists 
of  Japan  and  in  the  Mica  schists  of  the  Isle  de  Groix,  Brittany, 
and  in  England. 

190.    AUanUe,  or  Orthite,  (Ca,Fe)3(A10H)(Al,Fe,Ce,La,Di)2(Si04)3. 

Monoclinic.  Forms  similar  to  Epidote,  but  either  tabular  after 
00  do  or  prismatic  parallel  to  b  axis.  Twins:  ooPdb.  Also  massive, 
and  in  embedded  angular  or  rounded  grains.  Cleavage:  oopco,  and 
OP,  only  in  traces.  H.  =  5.5-6.  G.  =  3.5-4.2.  Luster  submetallic, 
pitchy,  or  resinous.  Color  pitch-brown  to  black.  Streak  gray.  It 
is  interesting  because  it  contains  so  many  rare  elements.  An  analy- 
sis from  Hittero,  Norway,  gave  SiOj  31.63,  ThO,  0.87,  AI3O3  13.21, 
FcA  8.39,  CejO,  8.67,  DiA  5.60,  La^Oj  5.46,  ¥,0,  0.87,  Er,Ot 
0.52,  FeO  7.86,  MnO  1.66,  CaO,  10.48,  MgO  0.08,  K^O  0.28,  H,0 
3.49.  It  occurs  in  some  Granites,  as  at  Mount  Adam  and  Eve, 
Orange  Co.,  N.  Y.;  also  in  Zircon  Syenite  in  Norway,  and  in  small 
quantities  in  Rhyolite,  Trachyte,  Ande^ite,  and  other  volcanic  rocks. 
It  is  also  found  in  metamorphic  rocks  like  gneisses  and  crystalUne 
limestones.  It  is  found  in  many  localities  in  Norway  and  Sweden; 
at  the  locality  mentioned  above,  and  at  Moriah,  Essex  Co.,  N.  Y., 
with  Magnetite  and  Apatite  in  crystals  up  to  ten  inches  long,  eight 
inches  broad,  and  two  inches  thick. 


191.    Axinite,  H(Ca,Fe,Mn,Mg)8BAl2(Si04)4. 

Triclinic.  ooPc»,  00  P,  2Pob,  and  two  imit  pyramids.  Crystals 
usually  broad,  tabular,  and  acute  edged;  also  massive,  lamellar  to 
granular.  H.  =  6.5-7.  G.  =  3.27-3.29.  Luster  vitreous.  Color  clove- 
brown,  pearl-gray,  yellow.    Composition  variable,  one  from  Bourg 
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d'Oisans  giving  H3O  1.45,  CaO  20.19,  FeO  6.78,  MnO  2.62,  MgO 
1.73,  BjO,  5.61,  AljO,  16.33,  FejO.  2.80,  SiO,  43.46.  It  is  found  im- 
planted in  clove-brown  crystals  with  Albite,  Prehnite,  and  Quartz 
at  St.  Christopher,  near  Bourg  d'Oisans,  Dauphin^,  France;  in 
granular  limestones  at  Phippsburg,  Maine,  with  Grossularite  and 
Vesuvianite,  and  at  Franklin  Furnace,  N.  J. 

192.    PrehnUe,  HjCa^Al^CSiOJ,. 

Orthorhombic.  Distinct  individual  crystals  rare;  usually  tabu- 
lar after  OP  with  00  P,  p)rramids  and  macrodomes.  CJommonly  in 
groups  of  tabular  crystals  united  by  OP,  which  is  curved;  also  with 
rounded  prism  faces.  Botryoidal,  globular,  and  stalactitic.  Cleav- 
age: OP,  distinct.  H.  =  6-6.5.  G.  =  2.8-2.95.  Luster  vitreous. 
Color  light  green,  white,  gray,  often  fading  on  exposure.  Comp., 
HjO  4.4,  CaO  27.1,  Al30,24.8,  SiO,43.7.  Prehnite  is  a  secondary 
mineral  and  is  found  in  fissures  and  cavities  in  basic  igneous  rocks 
such  as  Diabase  and  Basalt  associated  with  Zeolites,  Datolite, 
Pectolite,  Calcite.  Found  in  the  Palisades  at  Bergen  Hill;  also  at 
Patei-son,  N.  J.,  and  in  the  Lake  Superior  copper  region. 

HuMiTE  Group. 

Humite,  orthorhombic 


193.  Chondrodite,monocUmc  }  ""^Sf^^H^S^^ 

Clinohumiteimonoclinic  ^  Mg„(MgF),(MgOH),S,.0„. 


Their  hardness  is  6-6.5.  G.  =  3.1-3.2.  Colors  white,  yellow, 
reddish  brown.  They  are  all  found  in  the  ejected  blocks  of  Monte 
Somma,  and  are  generally  found  in  metamorphic  rocks,  especially 
granular  limestones. 


193.    Chondrodite,  H2(Mg,Fe)i,Si,034F,. 

Monoclinic.  Crystals  varied,  often  flattened  parallel  to 
00 Poo,  with  OP  and  pyramids.  Twins:  JPco,  also  as  trillings. 
Also  massive,  compact;  in  embedded  grains.  Cleavage:  OP,  some- 
times distinct.    H.  =  6-6.5.    G.  =  3. 1-3.2.    Luster  vitreous.    Color 
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light  to  dark  green,  gamet-red,  brownish  red.  Composition,  fluo- 
silicate  of  magnesium  and  ferrous  iron.  Analysis  from  Tilly  Foster 
gives  F  4.14,  MgO  53.72,  FeO  7.28,  SiO,  34.10.  It  is  subsilicate. 
Found  in  crystalline  limestones  and  other  metamorphic  rocks. 
Fine  crystals  are  found  at  the  Tilly  Foster  iron  mine,  Brewster, 
N.  Y. ;  and  it  is  found  in  grains  in  granular  limestones  at  Sparta, 
\'ernon,  and  Franklin  Furnace,  Sussex  Co.,  N.  J.,  and  near  Amity 
and  Warwick  in  Orange  Co.,  N.  Y.  It  can  only  be  distinguished 
optically  from  Humite  and  Clinohumite,  with  which  it  generally 
occurs. 

194.    Calamine,  HjZnjSiOg. 

Orthorhombic,  hemimorphic.  Crystals  oft^n  tabular  aft^r 
00 Poo,  with  00 P,  OP,  3Po6,  Pci6,  or  3Po6,  about  the  ^alogue  pole, 
and  2P2  about  the  antilogue  pole.  Usually  implanted  and  show- 
ing only  one  extremity.  Twins :  OP,  with  axes  parallel  and  antilo- 
gous poles  together.  ooPob  vertically  striated.  Often  grouped 
in  sheaf-like  forms  with  drusy  surfaces  in  cavities.  Also  stalac- 
titic,  manunillary,  botryoidal,  generally  with  radiating  fibrous 
structiu-e;  massive  and  granular.  Cleavage:  ooP,  perfect.  Frac- 
ture uneven  to  subconchoidal.  Brittle.  H.= 4,5-5.  G.= 3.4-^.5. 
Luster  vitreous.  Color  white,  yellowish  to  brown,  often  stained 
by  Limonite;  sometimes  in  bluish  and  greenish  shades.  Streak 
white.  Transparent  to  translucent.  It  is  highly  pyroelectric. 
Etching  figures  on  ooPob  show  the  hemimorphic  character. 
Comp.,  H.0  7.5,  ZnO  67.5,  SiOa  25.0.  It  is  decomposed  by 
acetic  acid  with  gelatinization.  It  is  found  with  Smithsonite 
above  the  water-line  as  an  oxidation  product  of  Sphalerite,  as 
near  Aix-la-Chapelle,  Germany,  and  the  adjoining  district  in  Bel- 
gium; Bleiberg,  Carinthia;  Sterling  Hill,  N.  J.;  Friedensville, 
Saucon  Valley,  near  Bethlehem,  Pa. ;  Austin's  mine,  Wythe  Co.,  Va. 

195.    Tourmaline,  R/B02)(Si04)2. 

Hexagonal,  rhombohedral,  hemimorphic.  Bounded  by  ooR 
with  three  faces,  ooP2,  and  R,  —  2R,  R'  about  the  antilogue  end, 
withR,  —  iR,  about  the  blimter  analogue  [pole.    In  rare  cases  the 
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base  is  present  at  the  antilogue  extremity.  Crystals  are  usually 
prismatic,  often  slender  to  acicular,  with  prism  faces  striated  ver- 
tically and  rounded  so  that  a  section  perpendicular  to  the  c  axis 
has  a  spherical-triangular  shape.  In  any  case  it  approaches  such 
a  form  because  the  three  faces  of  ooR  are  large  and  blunted  by 
the  six  faces  of  xP2.  Crystals  are  sometimes  isolated,  but  more 
commonly  in  parallel  and  radiating  groups.  Sometimes  massive 
compact;  also  columnar,  coarse  or  fine,  parallel  or  divergent. 
Cleavage:  xP2,  R,  difficult,  and  not  noticeable  in  specimens. 
Fracture  subconchoidal  to  uneven.  Brittle  and  often  rather 
friable.  H.  =  7-7.5.  G.  =  2.98-3.2.  Luster  vitreous  to  resin- 
ous. Color  black,  brown,  pink  to  colorless,  blue,  green.  Often 
shows  isomorphous  growths  with  different  colors  on  the  same 
crystal.  The  Moor's  heads  from  Elba  are  almost  colorless  with 
a  black  cap;  others  are  red  with  a  green  exterior;  in  other 
cases  red  above  and  green  below.  Streak  uncolored.  Trans- 
parent to  opaque.  Pleochroism  strong,  the  absorption  for  the 
ordinary  ray  which  vibrates  in  the  base  being  stronger  than  for 
the  extraordinary  ray  vibrating  in  the  prism  face,  so  that  sections 
parallel  the  c  axis  transmit  practically  only  the  extraordinary  ray, 
on  which  account  the  mineral  is  used  in  the  TourmaUne  Tongs  to 
produce  polarized  light.  Strongly  Pyroelectric,  the  end  terminat- 
ing by  R  with  ooR  being  with  few  exceptions  the  antilogue  pole, 
and  giving  negative  electricity  with  increase  of  temperature.  Op- 
tically negative.  Double  refraction  strong.  Comp.:  Tourma- 
line is  really  a  group  name  with  very  diflferent  elements  in  differ- 
ent varieties.  It  is  a  complex  boro-silicate  of  aluminium,  with 
either  iron,  magnesium,  or  the  alkalies  prominent.  Formula  is 
uncertain.  The  oxygen  ratio  of  Si:R  is  generally  2:3,  and  the 
formula  may  be  written 

RVSiOs = R^'SiO, = R4"Si06.  R' = Na,Li,K,H ; 

R" = Mg,Fe,Mn,Ca ;  R^' = Al,B,Fe,Cr. 

Another  general  formula  is  written  R8(B02)(Si04)2,  with  three  spe- 
cial formulae  of  the  prominent  varieties:  Lithium  Tourmaline, 
7Hfi,  4(Li,Na)20,  4Fe0,  6B2O3,  ISAljO^,  24SiO^.  Iron  Tourmaline, 
7H/),  2Na20,  9FeO,  GfijO,,   UAlfi^,  24SiO^.    Magnesium  Tour- 
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maline,  7ff,0,  2Na,0,  12MgO,  6B,0„  13A1,0,,  24SiO^.  It  wiU 
be  seen  that  H^O,  B2O5,  and  SiOj  are  constants  in  each.  The 
varietiife;  are  (1)  Alkali  Tourmaline,  with  soda,  lithia,  or  potash. 
G. =3-3.1.  Colorless,  pink,  green.  Here  belongs  Rubellite  em- 
bracing the  red  kinds,  and  Achroite  or  colorless  kinds,  which 
are  rare.  (2)  Iron  Tourmaline.  G.  =  3.1-3.2.  Color  usually  deep 
black.  (3)  Magnesium  Tourmaline.  G.= 3-3.09.  Usually  yel- 
lowish brown  to  brownish  black.  Analyses  of  the  three  kinds 
are  as  follows: 


I. 

II. 

III. 

SiO, 

AfA.v.;;;: 

FeO 

MnO 

MgO 

CaO 

Na,0 

K,0 

Li,0 

H,0 

F 

38.19 

9.97 

42.63 

36.64 
9.55 

27.18 
9.08 

38.85 
8.35 

31.32 
1.14 

1,94 
0.39 
0.45 
2.60 
0.68 
1.17 
2.00 
1.18 

10.13 
2.91 
1.50 

14.89 
1.60 
1.28 
0.26 

3.01 

2.31 

101.20 

100.00 

100.00 

I.  is  Rubellite  from  Paris,  Maine.  II.  is  Black  Tourmaline 
from  Pierrepont,  St.  Lawrence  Co.,  N.  Y.  III.  is  Brown  Tour- 
maline from  Gouvemeur  in  the  same  county.  If  Tourmaline  is 
fused  with  Fluorite  in  a  bead  of  KHSO4,  it  gives  a  strong  green 
color  due  to*^  boric  acid.^  Tourmaline  alters  to  Mica  which  is  often 
Lepidolite,  Chlorite,  and  Talc.  It  occurs  in  Granites,  Syenites, 
also  in  crystalline  limestones,  gneisses,  and  schists,  generally 
due  to  contact  of  igneous  rocks.  It  is  also  found  in  Pegmatite 
dikes  with  Beryl,  Quartz,  Orthoclase,  and  at  times  accompanies 
tin  ores.  In  some  roofing  slates  which  are  metamorphic,  it  occurs 
in  thousands  of  intensely  small  crystals.  Rubellite  occurs  at 
Paris  and  Hebron,  Maine,  and  Pala,  San  Diego  Co.,  California, 
with  Lepidolite.  Fine  crystals  of  black  and  brown  varieties  aro 
found  in  crystalline  limestone  with  Tremolite,  Apatite,  and  Scapo- 


602  GENERAL  AND  SPECIAL  MINERALOGY 

lite  at  the  localities  mentioned  under  analyses  II.  and  III.  Green 
varieties  occur  with  P3aite  and  Graphite  in  metamorphosed  Cam- 
brian limestones  at  Franklin  Furnace,  N.  J.  It  is  sometimes  used 
as  a  gem. 

196.  Staurolite,  H,(Fe,Mg)e(Al,Fe)j4SiuOa5. 

Orthorhombic.  Bounded  by  ooP,  ooPob,  OP,  and  sometimes 
P«.  Twins  common:  (1)  Pfo6,  penetrations  making  a  rectan- 
gular cross.  (2)  f  p4,  also  penetrations  forming  an  oblique  cross* 
Crystals  cortimonly  prismatic,  and  often  flattened  parallel  ooPd6; 
often  with  rough  faces.  Cleavage :  oo  Po6 ,  distinct,  but  interrupted. 
H.  =  7-7.5.  G.  =  3.65-3.75.  Luster  subvitreous  to  resinous. 
Color  dark  reddish  brown  to  brownish  black  and  yellowish  brown. 
Streak  gra3dsh.  Translucent  to  nearly  opaque.  Pleochroism 
distinct.  Formula  doubtful  because  of  impurities,  chiefly  Quartz 
which  are  usually  present  sometimes  up  to  40%.  That  from 
Franklin  Co.,  N.  C,  gave  H^O  1.59,  FeO  7.80,  MgO  3.28,  Al^O, 
52.92,  FcjOs  6.87,  SiOj  27.91.  Staurolite  is  found  only  in  meta- 
morphic  rocks  like  Mica  schist,  and  sometimes  gneiss,  often  as- 
sociated with  Garnet  and  Cyanite.  It  occurs  in  Paragonite  schist 
with  Cyanite  at  Monte  Campione,  Tessin,  Switzerland;  in  large 
twins  in  the  Mica  schists  of  Brittany,  France;  and  in  fine  crystfiJs 
in  weathered  Mica  schist  at  different  places  in  Fannin  Co.,  Georgia. 

B.  Hydrous  Silicates. 

These  include  those  compounds  w^hich  contain  water  of  crj's- 
tallization  and  yield  it  on  ignition,  while  those  containing  hydro- 
gen previously  discussed  do  not  give  it  up  on  heating,  so  that  it  is 
regarded  as  constitutional.  To  the  Hydrous  Silicates  belong  the 
Zeolite  Division,  Mica  Division,  and  Serpentine-Talc-Kaolin  Di- 
vision. 

197.  ApophyUite,  H,KCa,(SiO,)8+4iH,0. 

Tetragonal.  Three  general  habits:  (1)  Prismatic,  ooPoo,  P, 
so  that  it  resembles  a  distorted  rhombic  dodecahedron;  and  often 
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OP.  (2)  Pyramidal,  P,  OP,  ooPoo,  giving  a  cubo-octahedral 
habit.  (3)  Tabular  with  OP  large,  ooPoo  and  P  small.  ooPoo 
is  vertically  striated.  Twins:  P,  rare.  Also  massive  and  lamellar. 
Cleavage:  OP,  highly  perfect;  ooP,  less  so.  H.= 4.5-5.  G.= 
2.3-2.4.  Luster  of  OP  pearly;  elsewhere  vitreous.  Color  white 
or  grayish;  occasionally  with  a  reddish,  greenish,  or  yellowish 
tint.  Transparent;  rarely  nearly  opaque.  Comp.,  HaO  16.1,  KjO 
5.2,  CaO  25.0,  SiO,  53.7,  with  a  small  amount  of  fluorine  (2%)  re- 
placing part  of  the  oxygen.  Although  not  a  Zeolite  because  it 
contains  no  aluminum,  yet  with  this  exception  it  is  a  Zeolite  in 
general  character.  It  is  wholly  a  secondary  mineral,  and  is  foimd 
in  Basalts,  Diabase,  and  other  rocks,  also  sometimes  in  ore  veins 
as  at  Andreasberg,  Harz.  Occurs  at  Seisser  Alp,  and  Fassathal, 
Tyrol;  Guanajuato,  Mexico,  in  flesh-red  crj^taJs;  Bergen  Hill,  N.  J., 
and  elsewhere  in  the  Palisades;  Lake  Superior  region;  Table  Mt. 
near  Golden,  Colo.;  and  many  places  in  Nova  Scotia,  as  at  Cape 
Blomidon. 

[zeolite  family. 

The  Zeolites  are  a  family  of  hydrous  silicates  nearly  related 
in  chemical  composition,  conditions  of  formation,  and  mode  of 
occurrence.  They  are  similar  to  the  Plagioclase  Feldspars  in  that 
they  are  silicates  of  aluminum  with  calcium  and  sodium,  at  times 
potassium,  rarely  barium  and  strontium.  Magnesium  and  iron 
are  present  only  through  impurity  or  alteration.  Further,  the  com- 
position of  some  corresponds  to  that  of  a  hydrated  Feldspar,  and 
if  fused  and  allowed  to  crystallize  very  slowly,  they  sometimes 
form  Anorthite.  Zeolites  are  not  a  single  group  of  species  related 
in  crystallization  like  the  Feldspars,  but  include  a  number  of  groups 
widely  different  in  form  as  well  as  distinct  in  composition.  A 
transition  in  composition  between  certain  end  compounds  has  been 
more  or  less  well  established  in  certain  cases,  but  unlike  the  Feld- 
spars, with  these  species  calcium  and  sodium  seem  to  replace  one 
another,  and  an  increase  in  alkali  does  not  go  with  an  increase 
in  silica.  Like  other  hydrous  silicates,  they  are  characterized  by 
inferior  hardness,  chiefly  3.5-5.5,  and  the  specific  gravity  is  lower 
than  with  corresponding  anhydrous  species,  chiefly  2-2.4.    They 
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are  readily  decomposed  by  acids,  many  with  gelatinization.  Many 
when  heated  with  a  blowpipe  intumesce  or  swell  up.  They  are 
all  secondary  minerals,  and  occur  most  commonly  in  veins  and 
cavities  in  basic  igneous  rocks  such  as  Basalt,  Diabase,  Nepheline 
Syenite,  less  frequently  Granite  and  gneiss.  In  these  cases  the 
lime,  and  some  soda  is  derived  from  Feldspar,  also  soda  from 
Nephelite,  Sodalite,  and  potash  from  Leucite.  The  2ieolites  are 
associated  with  such  minerals  as  Pectelite,  Prehiiite,  Datelite, 
Apophyllite,  and  Calcite,  which,  though  not  belonging  to  the  Zeo- 
lites, have  a  similar  origin  and  mode  of  occurrence.  In  some 
the  water  of  crystallization  is  so  loosely  held  that  if  placed  over 
H3SO4,  they  will  give  up  part  of  it,  so  that  the  amount  of  water 
varies  with  conditions. 


198.    Heulandite,  H^CaAl^SieOig+SHjO. 

Monoclinic.  OP,  00 Poo,  00 P,  2P<»,  —  2Pob.  Crystals  some- 
times flattened  parallel  cc  Poo ,  which  has  pearly  luster,  and  is  often 
depressed  or  curved.  Crystals  often  made  up  of  subindi\iduals 
in  nearly  parallel  position  with  undulatery  faces.  Twins:  00 Poo. 
Also  in  globular  forms,  granular.  Cleavage:  00P60,  perfect.  H.= 
3.5-4.  G.=* 2.18-2.22.  Luster  of  00 P 06  strongly  pearly;  elsewhere 
vitreous.  Color  white,  sometimes  gray,  red,  brown.  Streak  white. 
Transparent  to  translucent.  Comp.,  HjO  14.8,  CaO  9.2,  AljO,  16.8, 
SiOa  69.2.  Occurs  at  Cape  Blomidon  and  elsewhere  in  Nova  Scotia, 
Paterson  and  Bergen  Hill,  N.  J. 

199.    Phmipsiie,  (K2,Ca)Al2Si^Oi2+4iHjO. 

Monoclinic.  Practically  alwajrs  penetration  twins  often  simu- 
lating orthorhombic  and  tetragonal  forms.  Twins:  (1)  Rarely 
simple  cruciform  twins  after  OP.  (2)  Often  compound  twins  of  (1) 
with  P  00 .  (3)  At  times  three  double  twins  after  OP  unite  to  form 
a  compound  twin  with  00  P  as  twinning  plane.  00  P  00  finely  striated. 
Crystals  isolated  or  grouped  in  tufts  or  spheres  with  radiated  struc- 
ture within  and  bristled  with  angles  at  the  surface.  Cleavage:  OP, 
00  Poo",  rather  distinct.  H.= 4-4.5.  G.=2.2.  Color  white,  sometimes 
reddish.    Streak  white.    Comp.,  K^O  6.4,  CaO  7.6,  AL^Os  20.7,  H,0 
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16.5,  SiOj  48.8.  Occurs  at  Giant's  Causeway,  Ireland;  Kaiserstuhl, 
Baden,  Germany. 

200.    HarmoUme,  H3(K2,Ba)AljSi50tt+4H20. 

Monoclinie.  Crystals  uniformly  cruciform  penetration  twins 
after  OP;  either  simple  twins,  or  united  as  fourlings  with  Poo  as 
twinning  plane;  also  ooP  as  in  Phillipsite.  ooPoo  striated.  Cleav- 
age: 00 Poo,  easy;  OP  less  so.  H.«4.5.  G.= 2.44-2.5.  Luster 
vitreous.  Color  white,  passing  to  gray,  yellow,  red,  or  brown. 
Streak  white.  Comp.,  H^O  14.1,  K^O  2.1,  BaO  20.6,  Al^O,  16.0, 
SiOa  47.1.  Occurs  at  Strontian,  Scotland;  Oberstcin,  Germany, 
with  Agate  and  Quartz  in  Melaphyr. 

201.  SiUbite,  H,(Na3,Ca)Al2Si«0,8H-4HjO. 

Monoclinie.  OP,  ooPdo,  ooP.  Generally  penetration  twins  after 
OP  as  in  the  two  preceding  minerals.  Usually  thin  tabular  after 
00  Poo .  Twin  crystals  are  often  grouped  in  nearly  parallel  position, 
forming  sheaf-like  aggregates  with  ooPoo,  which  has  pearly  luster, 
deeply  depressed.  Also  divergent  or  radiated,  sometimes  globular 
and  thin  lamcUar-colunmar.  Cleavage:  ooPoo,  perfect.  Fracture 
uneven.  Brittle.  H.  =  3.5-4.  G.  =  2.09-2.2.  Luster  oo  PSo ,  pearly, 
elsewhere  vitreous.  Color  white,  }''ellow,  and  occasionally  brown  to 
red.  Comp.,  HjO  17.2,  Na^O  1.4,  CaO  7.7,  AlA  16.3,  SiO,  57.4. 
Occurs  at  Cape  Blomidon  and  elsewhere  in  Nova  Scotia,  Bergen 
Hill  and  Paterson,  N.  J. 

202.  ChdbazUe,  (Ca,Na,)Al2SiA2+6H20. 

Hexagonal,  rhombohcdral.  Forms  commonly  a  simple  rhombo- 
hedron,  R,  with  an  angle  varying  slightly  from  a  cube;  also  R  with 
—  JR,  — 2R.  Twins:  (1)  Twinning  axis  c  as  penetrations  very  com- 
mon. (2)  R  as  contact  twins  rare.  Faces  striated.  Also  amorphous. 
Cleavage:  R,  distinct.  H.  =  4^5.  G.= 2.08-2.16.  Luster  vitreous. 
Color  flesh-red,  white.  Streak  uncolorcd.  Comp.,  if  Ca:  Na  is  1:1, 
CaO  5.5,  Na^O  6.1,  .\1A  20.0,  H^O  21.2,  SiOa  47.2.  Found  at  Ober- 
stein,  near  Bingen,  Germany;   Giant's  Causeway,  Ireland;   Bergen 
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Hill,  N.  J.;  Table  Mt.,  near  Golden,  Colo.,  and  very  fine  at  Cape 
Bloinidon,  Nova  Scotia. 

203.    Gnielinite,  (Na3,Ca)AljSiA2+6H20. 

Hexagonal,  rhombohedral.  ooP,  R,  —  R,  also  OP  at  times. 
00 P  horizontally  striated.  Twins:  (1)  |R.  (2)  Twinning  axis  c  as 
penetration  or  contact  analogous  to  Chabazite.  Cleavage:  ooP, 
easy;  OP  sometimes  distinct.  H.=4.5.  G.=2.04"2.17.  Luster 
vitreous.  Color  flesh-red,  reddish  white,  white,  yellowish  white. 
Streak  white.  Composition  from  Bergen  Hill :  Na^O  9.14,  CaO  2.60, 
AlA  18.72,  HjO  21.35,  SiO,  48.67.  It  occurs  at  Cape  Blomidon, 
Two  Islands,  Five  Islands,  Nova  Scotia,  in  flesh-red  colors,  and  in 
fine  white  crystals  at  Bergen  Hill,  N.  J. 

.^  204.    Analdte,  NaAlSijOe+HaO. 

Isometric.  Usually  in  the  icositetrahedron  202,  also  in  cubes 
with  202.  Also  massive  granular;  compact  with  concentric  structure. 
Fracture  subconchoidal.  Brittle.  H.  =  5-5.5.  G.= 2.2-2.29.  Luster 
vitreous.  Color  white,  occasionally  grayish,  greenish,  yellowish  or 
reddish  white.  Streak  white.  Transparent  to  nearly  opaque.  Comp., 
Na^O  14.1,  AlaOs  23.2,  H^O  8.2,  SiO,  54.5.  Sometimes  it  results 
from  the  alteration  of  Nephelite,  and  is  found  in  decomposed 
Nephelite  Syenites  and  Phonolites,  as  at  Kangerdluarsuk,  Green- 
iand;  Langesund  fiord,  Norway;  near  Aussig,  Bohemia;  Hohen- 
twiel  and  Kaiserstuhl,  Baden.  It  is  also  found  in  Basalts  at  Bergen 
Hill,  N.  J.;  I-ake  Superior  region,  and  at  Table  Mt.,  near  Golden, 
Colo. 

205.    Natroliie,  Na^Si30io+2H20. 

Orthorhombic.  «P,  P,  or  ooP,  ooPcJ6,  P.  Crystals  prismatic, 
usually  very  slender  to  acicular,  w^hence  it  was  called  "Needle 
Zeolite"  by  the  older  mineralogists.  Prismatic  zone  vertically  stri- 
ated. Tv\dns:  3Pco ,  cruciform,  rare.  Also  fibrous,  radiating,  massive, 
granular  or  compact.  Cleavage:  ooP,  perfect  with  angle  of  about 
91^  H.  =  5-5.5.  G.  =  2.2-2.25.  Luster  vitreous  to  pearly  in  fibrous 
kinds.  Color  white,  grayish,  yellowish,  reddish.  Comp.,  Na^O  16.3, 
AlaOj  26.8,  H3O  9.5,  SiOa  47.4.    It  occurs  in  Phonolite  at  Aussig 


612  GENERAL  AND  SPECIAL  MINERALOGY 

and  Teplitz,  Bohemia;   Two  Islands  and  Cape  Blomidon,  Nova 
Scotia;  Bergen  Hill,  N.  J.;  Magnet  Cave,  Ark. 

206.     ThamsaniU,  (Na3,Ca)Al2SiaO,+|H,0. 

Orthorhombic.  oo  P,  qo  Pco ,  oo  P<3b ,  OP,  with  brachy-  and  macro- 
domes.  Distinct  crystals  rare.  Prismatic  faces  strongly  striated 
vertically.  Commonly  columnar,  structure  radiated;  in  radiated 
spherical  concretions;  also  closely  compact.  Cleavage:  ooP<*,  per- 
fect; 00 poo,  less  so.  H.  =  5-5.5.  G.= 2.3-2.4.  Luster  vitreous. 
Snow-wliite,  reddish,  green,  brown  if  impure.  Comp.,  ratio  of  Ca: 
Na  varies  from  3:1  to  1:1;  2:1  gives  Na^O  6.4,  CaO  11.5,  Al^O, 
31.4,  HjO  13.8,  SiOa  36.9.  Occurs  as  an  alteration  product  of 
NepheUte  in  southern  Norway;  very  conmion  in  the  Basalt  of 
Table  Mt.,  near  Golden,  Colo. ;  Magnet  Cove,  Ai'kansas,  from  Nephe- 
Hte  Syenite;  Grand  Marais,  Lake  Superior  in  Melaphyr. 

MICA   DIVISION. 

This  embraces  (1)  Mica  Group,  or  true  Micas;  (2)  Clintonitii 
Group,  or  brittle  Micas;  (3)  Chlorite  Group.  All  have  a  perfect 
cleavage  after  OP,  and  are  monocUnic  near  hexagonal. 

Mica  Group.    Monoclinic.    Isomorphous. 

207.  Muscovite,  H^KAIsCSIOa),,     Potassium  Mica. 

208.  Paragonite,  HaNaAls(Si04)„       Sodium  Mica. 

209.  Lepidolite,  KLi[Al(OH,F)  JAl(SiO,),  in  part,  Lithium  Mica. 

210.  Zimiwaldite,  (K,Li),Fe^Al,SisO„(OH,F)3,    Lithium-iron  Mica. 

211.  Biotite,  (H,K),(Mg,Fe^^),(AI,Fe^),(SiOJ,  in  part,  Magnesium- 

iron  Mica. 

212.  Fhlogopite,        [H,K(MgF)],Mg^l(Si04)„    Magnesdum  Mica. 

213.  Lepidomelane,   (EL,K)iFe^0^e^,Al\(SiOX    Iron  Mica. 

The  species  of  the  Mica  Group  crystaUize  in  the  monoclinic 
system,  but  with  a  close  approximation  to  rhoinbohedral  or  ortho- 
rhombic  symmetry;  the  plane  angles  of  the  base  are  in  all  cases 
60°  or  120°.  They  all  have  an  eminent  basal  cleavage,  yielding  very 
thin,  tough,  and  more  or  less  elastic  laminae  that  in  convergent 
polarized  light  show  an  optical  interference  figure,  which  for  the 
pseudorhombohedral  kinds  like  Biotite,  Phlogopite,  is  nearly  uni- 
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axial.  The  Micas  may  be  referred  to  the  same  fundamental  axial 
ratio,  with  the  angle  ^  differing  but  little  from  90® ;  they  have  nearly 
the  same  crystal  forms,  and  their  isomorphism  is  shown  by  their 
not  infrequent  intercrystallization  in  parallel  position,  as  Biotite 
with  Muscovite,  Lepidolite  with  Muscovite,  also  by  frequent  zonal 
structure  with  a  slight  difference  in  color.  A  blow  with  a  some- 
what dujl-pointed  instrument  on  a  cleavage  plane  develops  in  all 
species  a  six-  or  three-rayed  star  called  the  percussion  figure,  two 
lines  of  which  are  parallel  to  the  prismatic  edges  showing  cleavage 
after  a  series  of  unit  pyramids,  while  the  third  Ls  parallel  to  the 
clinopinacoid  and  shows  cleavage  after  that  plane.  This  line  is 
wider  and  clearer,  and  is  called  by  Germans,  J-eitstrahl,  because  it 
serves  to  classify  the  Micas  if  no  crystal  planes  are  present,  since 
all  are  divided  into  two  classes  according  to  the  position  of  the 
plane  of  the  optical  axes.  The  first  class  have  the  plane  perpendic- 
ular to  00  p(x> ,  and  therefore  to  the  Leitstrahl,  and  includes  Mus- 
covite, Paragonite,  Lepidolite,  and  rarely  Biotite.  The  second 
class  have  the  axes  lying  in  the  clinopinacoid,  and  therefore  paral- 
lel to  the  Leitstrahl,  and  includes  most  Biotites,  Zinnwaldite, 
Phlogopite,  and  Lepidomelane.  A  so-called  pressure  figure  is  also 
developed  by  the  pressure  of  a  dull  point  on  a  cleavage  face  over 
an  elastic  surface.  It  is  a  six-  but  more  commonly  three-rayed  star 
differing  in  position  by  30°  from  the  percussion  figure;  one  ray  is 
normal  to  oo  Pob ,  representing  a  gliding  plane  after  |P  6b ,  and  two 
are  gliding  planes  after  —  |P5.  The  Micas  are  primarily  ortho- 
silicates  of  almninimi  and  hydrogen  with  potassium,  magnesium, 
ferrous  iron,  less  often  fenic  iron,  sodium,  and  lithium.  Fluorine 
is  present  in  most  varieties  in  small  amounts,  and  in  some  reaches 


207.    Muscomte,  HjKAlj(SiO,)s. 

Monoclinic.  Bounded  by  OP,  ooP"  ,|Poo,  —  2P,  which  re- 
sembles a  prism,  and  by  many  authorities  is  considered  as  such; 
also  P  at  times.  Twins  according  to  the  Mica  law:  twinning 
plane,  a  plane  in  the  zone  from  OP  to  —  2P,  normal  to  OP,  crys- 
tals generally  united  in  the  base  so  that  two  crystals  are  over  each 
other.    Crystals   orthorhombic  or  hexagonal  in  outline.    Habit 
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tabular  after  OP,  with  vertical  planes  more  or  less  rough  and 
striated  horizontally.  Folia  often  very  small,  and  aggregated 
in  stellate,  plumose,  or  globular  form,  or  in  scales,  and  scaly 
massive.  Cleavage:  OP,  eminent.  Other  cleavage  and  parting 
planes  as  in  percussion  and  pressure  figures.  Thin  laminas  flex- 
ible and  elastic  when  bent,  very  tough.  H.  =  2.-2.5.  G.=« 
2.76-3.  Luster  vitreous  to  pearly.  Colorless,  gray,  yellow,  pale 
green,  hair-brown,  violet,  dark  olive-green.  Streak  uncolored. 
Transparent  to  translucent.  Refractive  index  low,  but  double 
refraction  strong.  Comp.  usually  H:K=2:1,  giving  11,0  4.5, 
KjO  11.8,  AljOg  38.5,  SiO,  45.2;  fluorine  usually  present  in  small 
amoimts  up  to  1%.  It  is  not  decomposed  by  acids.  Muscovite  is 
probably  the  most  common  Mica,  next  to  Biotite.  It  is  foimd 
in  some  Granites,  gneisses,  and  Mica  schists,  also  as  large  crys- 
tals, sometimes  over  three  feet  across,  in  Pegmatite  dikes  as  at 
Acworth  and  Grafton,  N.  H.,  with  Beryl,  and  in  several  localities 
in  North  Carolina,  where  it  is  mined  in  Mitchell,  Yancey,  Jackson, 
and  Macon  Counties.  It  is  also  mined  in  the  Black  Hills  district 
of  South  Dakota  and  Wyoming,  and  at  the  Cribbensville  mines, 
Petaca,  Rio  Arriba  Co.,  New  Mexico.  These  four  States  produced, 
in  1899,  108,570  pounds  of  sheet  Mica  valued  at  $70,587,  and 
1,505  short  tons,  of  scrap  Mica,  worth  $30,878.  In  order  of  their 
importance  they  were:  North  CaroUna,  New  Hampshire,  New 
Mexico,  South  Dakota.  Some  Biotite  is  undoubtedly  included 
in  these  statistics.  Mica  is  used  for  stoves,  electric  insulation, 
axle  grease,  and  for  obtaining  spangled  effects  on  wall-paper  and 
Christmas  cards.  Muscovite  results  from  the  decomposition  of 
Feldspars;  also  from  their  metamorphosis,  a  variety  called  Sericite, 
in  fine  scales  with  silky  luster,  being  found  in  some  schists.  Mus- 
covite compared  to  the  other  Micas  is  very  stable,  but  at  times 
weathers  to  Talc  and  Serpentine. 

208.    Paragonite,  HjNaAlaCSiO^),. 

Monoclinic.  Massive,  sometimes  consisting  distinctly  of  fine 
scales.  It  has  the  general  properties  of  the  Group.  H.  =  2.5-3, 
G.= 2.78-2.9.  Luster  strong  pearly.  Color  yellowish,  grayish, 
greenish.     Comp.,  H,0  4.7,  Na^O  8.1,  AlA  40.1,  SiO,  47.1,  with 
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some  potash  up  to  2%.  It  is  found  as  Paragonite  schist  at  Monte 
Campione,  near  Faido,  Tessin,  Switzerland,  with  Cyanite  and 
Staurolite;  also  oecuis  at  Ochsenkopf,  Schwarzenbeig,  Saxony. 

209.    L«p«Wite,KLi[Al(OH,F)JAl(SiO,),inpart. 

Monoclinic.  In  aggregates  of  short  prisms,  often  with  rounded 
terminal  faces.  Twins  after  Mica  law,  conmionly  massive,  scaly 
granular,  coarse  or  fine.  H. = 2.5-4.  G. = 2.8-2.9.  Luster  peariy . 
Color  rose-red,  lilac,  or  \'ioletrgray,  yellowish,  grayish  white.  Analy- 
sis from  Paris,  Maine,  gives  K,0  12.34,  li^O  5.08,  H,0  2.36,  AljO, 
28.19,  SiO,  50.39,  F  5.15.  It  occurs  in  Granite  and  P^matite 
dikes  almost  always  associated  with  Rubellite  Tourmaline,  and 
sometimes  Spodumene,  or  Cassiterite.  It  is  found  very  fre- 
quently in  western  Maine  at  Paris,  Rumford,  Hebron,  Auburn, 
and  Norway;  also  at  Pala,  eight  miles  from  San  Di^o,  Calif omia, 
with  RubeUite. 

210.    ZinnwaldiU,  (K,Li)  J'e°Al^i50„(0H,F),. 

Monoclinic.  In  form  near  Biotite.  Twins:  Mica  law.  ocPco 
and  OP,  bright,  others  dull.  A  fine  wTinkling  on  the  cleavage 
planes  normal  to  the  edges  of  ooPoo .  Crystals  often  in  fan-shaped 
groups;  rosettes.  H.= 2.5-3.  G.  =  2.82-3.20.  Color  dark  gray, 
pale* violet,  yellow  to  brown.  Successive  layers  of  diflFerent  col- 
ors. Analysis  from  Zinnwald  gave  K^O  10.46,  Na^O  0.42,  Li^O 
3.28,  H,0  0.91,  FcO  11.61,  MnO  1.75,  Al^O,  22.50,  Fe,0,  0.66,  SiO, 
45.87,  F  7.94.  It  occurs  in  connection  with  Cassiterite  at  Zinn- 
wald, Bohemia,  and  Altenberg,  Saxony,  in  the  Erzgebirge;  also 
at  St.  Just,  and  elsewhere  in  Cornwall,  England.  It  occurs  in 
Granite  at  Cape  Ann,  Mass. 

211.    Biotite,  (H,K) j(Mg,Fe)/ Al,Fe)^i A*  in  part. 

MonocUnic.  OP,  ooPoo,  P,  with  -2P,  -JP  at  times.  Habit 
tabular  or  short  prismatic.  Often  apparently  rhombohedral  in 
synmietry.  Twins:  Mica  law.  Generally  in  disseminated  scales. 
Cleavage:  OP,  eminent;  also  ooPob  and  unit  pyramids,  as  shown 
by  percussion  figure.    Gliding  planes  fPco,  —  fP3,  as  shown  by 
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pressure  figure,  but  which  also  give  pseudocrystalline  forms  with 
rhombohedral  appearance  by  parting  as  at  Greenwood  Furnace, 
Orange  Co.,  N.  Y.  H.  =  2.5-3.  G.  =  2.7-3.1.  Luster  splendent 
and  more  or  less  pearly  on  OP,  and  sometimes  submetaUic  when 
black.  Color  green  to  black;  in  thin  scales  green  to  brown 
and  sometimes  pale  yellow  by  transmitted  light.  Streak  un- 
colored.  Transparent  to  opaque.  Pleochroism  strong  in  yellows, 
browns,  and  greens.  Optically  negative.  Refractive  index  weak. 
Double  refraction  strong.  Comp.:  Biotite  may  be  considered  as 
Muscovite +  (Mg,Fe)2Si04  with  some  ferric  iron  in  addition  rang- 
ing up  to  20%,  but  usually  about  5%.  One  from  Vesuvius  gave 
HjO  4.02,  K2O  7.79,  Na,0  0.49,  MgO  21.89,  FeO  8.45,  Al^O,  16.95, 
FCjOs  0.48,  SiOz  39.30,  F  0.89.  It  is  the  most  common  Mica. 
Biotite  occurs  in  Granite,  Syenite,  gneiss,  Mica  schist,  and  in 
small  amount  in  many  igneous  rocks  both  plutonic  and  volcanic. 
It  occurs  in  large  crystals  in  Pegmatites  in  Maine,  New  Hampshire, 
and  North  Carolina,  at  the  various  Mica  mines  mentioned  under 
Muscovite.  Fine  crystals  are  found  in  the  ejected  limestone  blocks 
on  Monte  Somma,  Vesuvius.  It  is  not  very  stable,  being  easily 
decomposed  with  H2SO4,  leaving  the  silica  in  thin  scales.  It  alters 
most  frequently  to  Chlorite,  and  to  what  are  called  Vermiculites, 
which  are  similar  to  Chlorite. 

212.    PWo^optte,  [H,K(MgF)]3Mg,Al(Si04)s. 

Monoclinic.  Form  and  angles  near  Biotite,  as  are  also  twins. 
Crystals  often  large  and  coarse.  Usually  oblong  six-sided  prisms, 
more  or  less  tapering,  with  irregular  sides.  H.  =  2.5-3.  G.= 
2.78-2.85.  Color  yellowish  brown  to  brownish  red,  often  with 
a  copper-like  reflection.  All  other  characteristics  as  with  Biotite, 
from  which  it  can  only  be  determined  by  analysis.  Phlogopite 
often  exhibits  asterism  due  to  inclusions  of  microscopic  needles 
arranged  in  three  directions  at  60®,  producing  a  six-rayed  star 
when  a  candle  is  examined  through  it.  In  some  cases  the  inclu- 
sions are  Rutile,  in  others  Tourmaline.  Analysis  from  Burgess 
gave  H2O  2.99,  K^O  9.97,  Na^O  0.60,  MgO  26.49,  FeO  0.20,  Al^O, 
17.00,  FejOj  0.27,  SiO,  36.66,  F  2.24.  Phlogopite  is  Biotite  with- 
out iron.    It  is  found  especially  in  Serpentine  and  dolomitic  crys- 
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talline  limestones.    It  occurs  at  North  and  South  Burgess,  On- 
tario, Canada;  Grouvemeur,  Rossie,  Edwards,  St.  Lawrence  Co. 
N.  Y.,  in  limestones,  and  in  most  cases  shows  asterism. 

213.    Ijepidomelane,  (H,K)2Fe3"^(Fe™,Al),(SiO,)5. 

Monoclinic.  Scales.  Probably  only  a  variety  of  Biotite  with 
large  amounts  of  ferric  iron.  H.  =  3.  G.= 3-3.2.  Color  jet- 
black  with  sometimes  a  leek-green  reflection;  in  thin  scales  deep 
green  by  transmitted  light.  Streak  grayish  green.  Analysis 
from  Litchfield,  H3O  4.62,  K^O  8.12,  NaaO'l.55,  FeO  14.10,  MgO 
1.01,  MnO  1.42,  Fe^Oj  19.49,  AljO,  18.52,  SiO,  32.09.  It  is  found 
on  the  Langesund  Fiord,  Norway,  and  at  Litchfield,  Maine,  in 
NepheUne  Syenite,  but  is  also  foimd  in  other  rocks. 

Clintonite  Group.    Monoclinic. 

214.  Margarite,  HjCaAl^SiAa- 

215.  Seybertite,  H,(Mg,Ca)Al4Si,0jB. 
Cailoritoid,  H,(Fe,Mg)Al3SiOT. 
Ottrelite,    H2(Fe,Mn)Al3i,0,. 

They  are  sometimes  called  the  Brittle  Micas.  They  are  near 
Mica  in  form  and  properties,  but  are  distinguished  physically  by 
the  brittleness  of  the  laminae  and  chemically  by  their  basic  char- 
acter. In  several  respects  they  form  a  transition  from  iCca  to 
Chlorite. 

214.    Margarite,  HaCaAl^SijOu. 

MonocUnic.  Rarely  in  distinct  crystals;  habit  thin  tabular 
after  OP.  Twins:  Mica  law,  often  repeated.  Usually  in  inter- 
secting or  aggregated  laminae;  sometimes  massive  and  scaly 
structure.  Cleavage:  OP,  perfect.  Laminae  rather  brittle.  H.= 
3.5-4.5.  G.  =  2.99-3.08.  Luster  of  OP  pearly,  elsewhere  vitre- 
ous. Color  reddish  white,  pink,  grayish.  Comp.,  HjO  4.6,  CaO 
14.0,  AlA  51.3,  SiOj  30.2,  with  a  little  MgO,  FejO,  and  alkalies. 
It  is  associated  with  Corundum  and  Emery,  and  in  many  cases 
formed  by  their  decomposition.  Margarite  is  found  with  Emery 
on  the  islands  of  Naxos  and  Nicaria,  ^Egean  Sea;  Gumuchdagh, 
Asia  Minor;  Chester,  Mass.;  Cruger's  Point,  near  Peekskill,  N.  Y. 
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216.    Seybertite,  ^(Mg,Ca)Al5Si,0ia. 

Monodinio.  Near  Biotite  in  form;  also  foliated  massive.  Twins : 
Mica  law.  LaminsB  brittle.  Pressure  and  percussion  figures  as  in 
Micas.  H. = 4r-5.  G. = 3-3.1 .  Luster  pearly  submetallic.  Co  lo 
reddish  brown,  copper-red,  yellowish.  Comp.,  H,0  4.3,  MgO  23.3, 
CaO  12.2,  AljOa  40.9,  SiO^  19.3.  Occurs  at  Amity,  N.  Y.,  in 
granular  limestone  with  Serpentine,  Amphibole,  Spinel,  Pyroxene, 
and  Graphite;  also  similarly  at  Mt.  Monzoni,  Fassathal,  Tyrol. 


Chlorite  Group.    Monoclinic. 
216.  Clinochlore  )     „  ^,   «  n  ai  a-  i^. 

Prochlorite,        H4o(Fe,Mg)„AluSi,3080. 
Corundophilite,  HjB(Fe,Mg)iiAlgSie04,. 
Amesite,  H4(Mg,Fe)|Al,SiO,. 

The  Chlorite  Group  derives  its  name  from  the  green  color  which 
characterizes  its  members,  due  to  the  presence  of  ferrous  iron.  It 
is  closely  related  to  the  Micas.  The  species  are  all  monoclinic,  but 
some  have  a  rhombohedral  appearance,  with  approximation  to  uni- 
axial character.  The  plane  angles  of  the  base  are  60®  or  120°;  the 
basal  cleavage  is  eminent,  and  the  laminae  are  tough  but  inelastic. 
Percussion  and  pressure  figures  as  in  Micas.  The  Chlorites  are 
hydrous  silicates  of  aluminum  with  magnesium  and  ferrous  iron. 
Ferric  iron  may  replace  aluminum  to  some  extent,  and  chromium 
is  sometimes  foimd,  which  causes  a  pink  color.  Manganese  at  times 
replaces  ferrous  iron,  but  alkalies,  which  are  characteristic  of  all 
true  Micas  are  absent.  Neither  is  any  calcium  present.  The  Chlor- 
ites are  entirely  secondary  minerals  resulting  from  the  alteration 
of  Pyroxene,  Amphibole,  Biotite,  Garnet,  Vesuvianite,  and  others. 
The  exact  interpretation  of  their  composition  is  difficult.  In 
some  of  them,  such  as  those  above  mentioned,  we  find  that  a 
decrease  in  Si,  Mg,  Fe,  is  accompanied  by  increase  in  Al.  This 
is  explained  by  Prof.  Tschcrmak  by  the  assumption  of  isomor- 
phous  mixtures  of  a  magnesium  silicate  having  the  composition 
of  Serpentine(Sp)  H^MgaSijOa  and  an  alimiinum-magnesiimi  sili- 
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cate,  H^MgjAl^iOg,  which  is  approximately  represented  by  a 
little  known  Chlorite  called  Amesite(At).  On  this  supposition  the 
Chlorites  above-mentioned  are  as  follows : 

Penninite,  SpjAt,  to  SpAt. 

Clinochlore,  SpAt  to  Sp^t, 
Prochlorite,  Sp^At,  to  SpjAty. 
Corundophilite,  SpjAt^  to  SpAt*. 
Amesite,  SpAt4  to  At. 

The  ferrous  iron  which  is  sometimes  prominent  would  of  course 
replace  the  magnesium.  There  are  about  nine  other  species  which 
have  not  been  mentioned  that  are  characterized  by  large  amounts 
of  ferrous  iron  and  some  manganese.  The  Chlorites  are  very  diffi- 
cult to  distinguish  from  one  another,  it  being  possible  in  many 
cases  only  by  optical  means  or  chemical  analysis.  Probably  the 
most  conmion  Chlorite  is  Clinochlore,  which  is  the  only  one  we  will 
describe. 

216.    Clinochlore,  Hg(Mg,re)5Al,SisOi8. 

Monoclinic.  Crystals  tabular  after  OP,  with  pyramids  and 
clinodomes  giving  a  hexagonal  appearance.  Twins:  Mica  law;  also 
Penninite  law  where  twinning  plane  is  OP,  contact  twins  united 
in  OP,  sometimes  repeated  giving  rise  to  rosette,  fan-shaped,  or. 
worm-like  groups.  Massive,  coarse  scaly  granular  to  fine  granular 
and  earthy.  Cleavage:  OP,  eminent.  Laminae  flexible,  tough  but 
inelastic.  H.  =2-2.5.  G.= 2.65-2.78.  Luster  of  OP  somewhat 
pearly.  Color  deep  grass-green  to  oUve-green,  pale  green  to  yellow- 
ish and  white.  Streak  greenish  white  to  imcolored.  Transparent 
to  translucent.  Comp.,  HjO  13.0,  MgO  36.1,  AlA  18.4,  SiO,  32.5, 
with  ferrous  iron  up  to  8%  replacing  MgO,  and  Fe,0,  up  to  4% 
replacing  Al^Oj.  At  times  manganese  and  chromium.  There 
is  little  difference  between  Clinochlore  and  Penninite,  except 
that  the  latter  has  less  Aluminum.  Analysis  of  Clinochlore  from 
Brewster  gave  H^O  12.02,  MgO  33.74,  FeO  5.29,  AlA  14.56, 
SiOj  32.33,  alkalies,  1.41.  It  occurs  in  connection  with  chloritic 
and  talcose  schists  and  Serpentine.  It  is  found  at  Achamatovsk, 
Urals;  Zermatt,  Switzerland;   in   large    crystals   and   plates   at 
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West  Chester,  Pa.;  also  at  Texas,  Pa.,  with  Chromite  and  Serpen- 
tine, and  at  the  Tilly  Foster  Magnetite  mine,  Brewster,  N.  Y., 
where  it  has  partially  changed  to  Serpentine. 

SERPENTINE  AND  TALC  DIVISION. 

The  chief  species  are  closely  related  to  the  Chlorites  of  the  Mica 
division.  Some  other  magnesium  silicates  in  part  amorphous  are 
also  included  here. 

217.    Serpentine,  H^MgjSiaOa. 

Monochnic.  In  crystals  only  as  pseudomorphs.  Sometimes  foli- 
ated, folia  rarely  separable;  also  delicately  fibrous,  and  fibers  often 
easily  separable,  and  either  flexible  or  brittle.  Usually  massive, 
but  microscopically  is  found  to  be  finely  fibrous  and  interwoven 
like  felt;  also  fine  granular  to  cryptocrystalline.  Cleavage:  ooP. 
not  noticeable  on  specimens.  Fracture  usually  conchoidal  or  splin- 
tery. Feel  smooth,  sometimes  greasy.  H. = 2.5-4,  rarely  5.5.  G.  = 
2.5-2.65.  Ijuster  subresinous  to  greasy,  pearly,  earthy,  and  silky  in 
fibrous  kinds.  Color  leek-green,  blackish  green,  brownish  yellow, 
sometimes  nearly  white,  on  exposure  often  becoming  yellowish 
gray.  Streak  white,  slightly  shining.  Translucent  to  opaque. 
Chrysotile  is  a  fibrous  variety  used  as  asbestos,  commonly  found 
in  seams  in  the  massive  mineral.  Comp.,  HjO  12.9,  MgO  43.0,  SiO, 
44.1,  with  FeO  up  to  8%,  also  nickel  in  small  amoxmts,  and  a  Uttle 
aluminum  and  ferric  iron.  It  is  a  secondary  mineral  derived  from 
the  alteration  of  Olivine,  Pyroxene,  Amphibole,  Biotite,  Chlorite, 
and  others.  The  rocks  most  generally  altering  to  Serpentine  are 
Peridotites,  Gabbros,  Norites,  Basalts,  and  Diabase.  In  Serpentine 
rocks  are  found  Platinum,  Garnierite,  Chromite,  Magnesite,  and  other 
substances  of  economic  value.  Most  commercial  asbestos  is  Chryso- 
tile, which  is  mined  among  the  metamorphic  and  altered  rocks  of 
the  Eastern  Townships  and  Gasp6,  Quebec,  as  in  the  Black  Lake 
district  and  Thetford,  Megantic  Co.  This  region  at  present  pro- 
duces the  world's  asbestos,  and  in  1899  produced  $500,000  worth, 
three  fifths  of  which  was  used  in  the  United  States.  Massive  or 
noble  Serpentine  is  found  at  Hoboken  and  Montville,  N.  J. ;  New- 
buryport,  Mass.,  and  is  used  for  ornaments  and  mantels.    With 
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Calcite  or  Dolomite  it  forms  verde  antigrue  marble.  I^arge  deposits 
have  recently  been  discovered  in  Washington  between  Colville  and 
Valley,  Stevens  Co.,  which  is  mined  and  used  for  marble  in  various 
ways. 

218.    GenthiU,  HjjMgjNijSiaOM. 

Amorphous,  with  a  stalactitic  surface,  incrusting.  H.  =  S-4. 
G.=2-4.  Luster  resinous.  Color  pale  apple-green  or  yellowish. 
Streak  greenish  white.  Opaque  to  translucent.  Comp.,  H,0  20.9, 
MgO  15.5,  NiO  28.8,  SiO,  34.8.  Found  at  Wood's  Chromite  mine, 
Texas,  Ijancaster  Co.,  Pa.,  and  elsewhere  in  thin  crusts  on  Chromite. 

219.    GamierUe.    Composition  near  Genthite. 

Amorphous.  Soft  and  friable.  G.= 2.3-2.8.  Luster  dull.  Color 
bright  apple-green,  pale  green  to  nearly  white.  Sometimes  adheres 
to  the  tongue.  Composition  is  a  hydrous  silicate  of  magnesium 
and  nickel,  perhaps  Hj(Ni,Mg)Si04+a5HaO,  but  is  variable,  par- 
ticularly in  regard  to  the  mutual  replacement  of  Ni  and  Mg,  and 
is  not  always  a  homogeneous  mineral.  Analysis  from  New  Cale- 
donia gave  H2O  16.55,  NiO  45.15,  -  MgO  2.47,  (Fe,Al)A  0.50, 
SiO,  35.45,  NiO  sometimes  as  low  as  10%,  and  MgO  up  to  22%. 
Most  of  the  nickel  of  the  world  is  produced  from  this  mineral, 
which  is  only  mined  in  Serpentine  near  Noiunea  and  elsewhere  in 
New  Caledonia,  associated  with  Talc  and  Chromite.  It  has  un- 
doubtedly resulted  from  the  decomposition  of  basic  igneous  rocks, 
and  the  supply  is  greater  than  the  market  demands.  It  is  found 
at  Webster,  Jackson  Co.,  N.  C,  and  Riddles,  Douglas  Co.,  Oregon, 
in  decomposed  Peridotite.  At  the  latter  locality  arrangements 
are  being  made  to  mine  it. 

220:     Talc,  HjMgaSi^Ojj. 

Orthorhombic.  Rarely  in  tabular  crystals  with  a  prismatic 
angle  of  60°.  Usually  foliated  massive;  also  granular  massive, 
coarse  or  fine;  compact.  Cleavage:  OP,  perfect.  Sectile.  Flexi- 
ble in  thin  laminse,  but  not  elastic.  Percussion  figurv;  a  six- 
rayed  star  orientated  as  in  Mica.    Feel  greasy.     H.«=  1-1,5.    G.»= 
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2.7-2.8.  Luster  pearly  on  cleavage  face.  Color  apple-green  to 
white;  also  dark  green,  and  brownish  to  blackish  green.  Streak 
usually  white;  of  dark  varieties  lighter  than  color.  Subtranspar- 
ent  to  translucent.  Varieties:  (1)  Foliated;  Talc.  Consists  of 
folia  small,  easily  separable,  having  a  greasy  feel  and  light  green 
to  white  color.  (2)  Massive;  Steatite  or  Soapstone.  Coarse  gran- 
ular, grayish  green,  dark  green,  and  brown  colors.  Comp.,  H,0 
4.8,  MgO  31.7,  SiOj  63.5,  with  a  little  ferrous  iron,  aluminum,  and 
nickel.  It  is  always  a  secondary  mineral  formed  from  the  altera- 
tion chiefly  of  Amphibole,  Pyroxene,  Biotite,  Scapolite,  Spinel- 
It  is  found  in  talcose  schists.  Foliated  Talc  occurs  at  Mt.  Greiner, 
Zillerthal,  Tyrol,  with  Actinolite;  Smithfield,  R.  I.;  Webster,  Jack- 
son Co.,  and  near  Murphy,  N.  C.  At  Chestnut  Hill  on  the  Schuyl- 
kill River,  Steatite  is  extensively  quarried.  Talc  is  used  as  a  filling 
for  paper,  and  also  for  tailor's  chalk,  slate  pencils,  toilet  powder; 
while  Soapstone  is  used  for  lining  furnaces,  acid  tubs,  and 
mantels  for  fireplaces,  since  it  will  not  absorb  acids  and  grease 
and  has  a  very  small  coefficient  of  expansion. 

221.    Sepioliie,  or  Meerschaum^  H^MgjSijOio. 

Compact,  with  smooth  feel,  and  fine  earthy  texture  or  clay- 
like; also  rarely  fibrous.  H.  =  2-2.5.  G.=2.  Impressible  by 
the  nail.  In  dry  masses  floats  upon  water.  Color  grajdsh  white, 
white,  or  faint  yellowish  and  reddish  tinges  at  times.  Opaque. 
Comp.,  H2O  12.1,  MgO  27.1,  SiOj  60.8.  It  occurs  in  Asia  Minor 
in  masses  in  stratified  earthy  or  alluvial  deposits  at  the  plains  of 
Eskihi-sher,  and  is  supposed  to  have  resulted  from  the  decompo- 
sition of  Magnesite  which  is  found  embedded  in  Serpentine  in  the 
surrounding  mountains;  also  found  in  Greece;  at  Vallecas,  Spain, 
in  extensive  beds  affording  a  light  but  valuable  building  stone. 
It  is  used  for  pipes  and  cigar-holders. 

222.    Glauconite. 

Amorphous,  and  resembling  earthy  Chlorite.  Either  in  cavi- 
ties in  rocks,  or  loosely  granular  massive.  H.=2.  G. =2.2-2.4. 
Luster  dull  or  glistening.    Color  olive-green,  blackish  green,  yel- 
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lowish  to  grayish  green.  Comp.  essentially  a  hydrous  silicate  of 
iron  and  potassium,  but  the  material  is  mostly  if  not  always  a  mix- 
ture, and  consequently  varies  much.  Analysis  from  New  Jersey: 
H,0  8.95,  FeA+FeO  22.50,  K^O  5.80,  Na^O  0.75,  Al^O,  8.03,  MgO 
2.16,  CaO  1.11,  SiOj  50.70.  It  is  found  in  the  "green  sand"  of 
the  Cretaceous  period  in  southern  New  Jersey  and  Texas.  Glau- 
conite  sometimes  makes  up  from  75%  to  90%  of  the  whole.  It  is 
used  as  a  fertilizer  on  account  of  the  potassium.  It  is  also  found 
in  the  shells  of  minute  animals  called  Foraminifera. 

223.    Kaolinite,  H^AljSiaOg. 

Monoclinic.  Crystals  in  thm  hexagonal  scales  with  angles  of 
60^  and  120°.  Twins:  Mica  law.  Usually  constituting  a  clay- 
like mass,  either  compact,  friable,  or  mealy.  Cleavage:  OP,  per- 
fect, but  observed  only  in  cr3rstals.  H.= 2-2.5.  G.  =  2.6-2.65. 
Luster  of  scales  pearly;  of  mass,  dull  earthy.  Color  white,  grayish 
white,  yellowish,  sometimes  brownish,  reddish,  bluish.  Comp., 
HjO  14.0,  A1,0,  39.5,  SiO,  46.5.  Kaolin  is  the  result  of  the  de- 
composition of  Feldspars  of  igneous  rocks  such  as  Granite,  Syenite, 
Rhyolite,  which  if  decomposed  in  place  result  in  beds  of  the  min- 
eral mixed  with  Quartz.  More  commonly  the  Kaolin  is  trans- 
ported and  deposited  imder  water  mixed  with  impurities,  and 
then  is  called  clay,  which  is  used  in  the  pottery  industry.  Pure 
Kaolin  is  used  for  the  finest  China  ware.  Beds  occur  at  Perth 
Amboy,  and  elsewhere  near  Trenton,  N.  J.;  Richmond,  Va.;  New- 
castle and  Wilmington,  Del.  At  Yrieix,  near  Limoges,  France,  is 
found  the  best  Kaolin  in  Europe,  from  which  the  Sfivres  porcelain 
is  made,  also  Haviland  ware. 

224.     ChrysocoUa,  CuSiO, + 2H2O. 

Cryptocrystalline;  often  opal-like  or  enamel-like  in  texture; 
earthy.  Incrusting  or  filling  seams.  Sometimes  botryoidal. 
Fracture  conchoidal.  Rather  sectile;  translucent  varieties  brittle. 
H.  =  2-4.  G.  =  2-2.24.  Luster  vitreous,  shining,  earthy.  Color 
mountain-green,  bluish  green,  turquoise-blue;  on  weathering  be- 
ccrccs  green.    Stieak,  when  pure,  white.    Translucent  to  opaque. 
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Comp.,  CuO  45.2,  H,0  20.5,  SiO,  34.3,  sometimes  with  aluminum 
and  ferric  iron.  It  is  foimd  with  other  copper  ores  as  an  oxida- 
tion product.  It  occurs  in  large  masses  at  the  Boleo  mine,  Santa 
Rosalia,  Lower  Calif omia,  Mexico;  Chile;  fine  specimens  at  Clifton, 
Graham  Co.,  and  Globe  mine,  Gila  Co.,  Arizona.  It  alters  to 
Malachite. 

225.    TitanUe,  CaTiSiOj. 

Monoclinic.  Habit  very  diverse.  (1)  One  form  is  known  as 
the  "envelope"  habit,  bounded  by  OP,  ooP,  ooPoo,  —  P,  —  JPoS, 
and  prismatic  after  —P.  This  habit  is  brown  in  color  and  occurs 
in  Granite,  Syenite,  Trach3rte  of  the  Lime-Alkali  type.  (2)  An- 
other habit  has  a  honey-yellow  color  and  is  bounded  by  ooP,  —  P, 
and  is  prismatic  after  the  prism.  This  form  occurs  only  in  rocks 
rich  in  alkaUes,  such  as  Nepheline  Syenite,  Phonolite,  and  certain 
of  the  above-mentioned  rocks  belonging  to  the  Alkaline  Type, 
(3)  Sphene  consists  of  yellow  and  greenish  crystals  flattened  after 
the  base  with  OP,  —  P,  ooPdo.  (4)  Lederite.  Large  brown  crys- 
tals with  large  OP  and  smaller  ooP,  — P,  P.  Twins:  (1)  ooP(x>, 
rather  common  both  as  contact  and  cruciform  penetrations,  the 
former  yielding  apparent  hemimorphic  forms.  (2)  OP,  rare. 
Sometimes  massive  compact  to  granular;  rarely  lamellar.  Geav- 
age:  ooP,  distinct.  H.  =  5-5.5.  G.= 3.4-3.56.  Luster  adaman- 
tine to  resinous.  Color  brown,  gray,  yellow,  green,  and  black. 
Streak  white.  Transparent  to  opaque.  Pleochroism  distinct. 
Comp.,  CaO  28.6,  TiO,  40.8,  SiO,  30.6,  with  some  FejO,.  Titanite 
occurs  in  embedded  crystals  in  the  rocks  above  mentioned,  also 
gneisses,  schists,  and  granular  limestones.  Sphene  is  found  on 
the  walls  of  fissures  in  the  metamorphic  rocks  of  the  Alps,  as  at 
Tavetsch;  it  is  often  in  cruciform  penetrations  after  ooPoo. 
Lederite  occurs  in  crystalline  limestones  at  Rossie,  Pitcaim,  Pierre- 
pont,  St.  Lawrence  Co.,  N.  Y.;  and  near  IJganville,  Renfrew  Co., 
Ontario,  Canada,  with  Apatite,  Zircon,  and  Amphibole. 
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VI.    OXYGEN-SALTS.     ' 
3.    NIOBATES,  TANTALATES. 

226.  Columbit€'TantalUe. 
Orthorhombic.  ooPdo,  ooPob,  ooP,  terminated  above  by  OP, 
pyramids,  macro-  and  brachydomes,  or  simply  P3.  Twins: 
2Pob,  corajnon.  Crystals  short  prismatic;  also  thin  tabular  after 
00 Poo.  Also  in  large  groups  of  parallel  crystals,  and  massive. 
Cleavage:  ooPdo,  distinct.  H.  =  6.  G.  =  5.3-7.3,  with  compo- 
sition. Luster  submetallic,  often  very  brilliant,  subresinous. 
Color  iron-black,  grayish  and  brownish  black,  opaque;  frequently 
iridescent.  Streak  dark  red  to  black.  Comp.,  niobate  and  tan- 
talate  of  iron  and  manganese  (Fe,Mn)(Nb,Ta)30e,  passing  by  in- 
sensible gradations  from  normal  Columbite,  the  nearly  pure  nio- 
bate, to  normal  Tantalite,  the  nearly  pure  tantalate.  The  iron 
and  manganese  also  vary  widely.  Tin  and  wolfram  are  present 
in  small  amount.  Columbite  from  Black  Hills  gave  NbjOj  54.09, 
TajOs  18.20,  SnO,  0.10,  FeO  11.21,  MnO  7.07.  G.  =  5.89.  Tan- 
talite from  the  same  locality  gives  TajO^  53.28,  NbjO,  29.78,  SnO, 
0.13,  FeO  6.11,  MnO  10.40.  G.  6.75.  FeNb,0,  gives  NbA  82.7, 
FeO  17.3,  while  FeTa,Oe  ^ves  Ta^Os  86.1,  FeO  13.9.  They  occur 
in  Pegmatite  dikes  with  Beryl,  Mica,  and  Cassiterite  at  times,  as 
at  Acworth,  N.  H.;  Haddam,  Conn.;  they  are  found  in  similar 
occurrence  in  the  Black  Hills  at  the  Etta  and  Bob  Ingersoll  tin 
mines,  where  one  mass  was  found  weighing  over  a  ton;  and  with 
Cryolite  at  Ivigtut,  Greenland. 

VL    OXYGEN-SALTS. 

4.    PHOSPHATES,     ARSENATES,     VANADATES,     ANTIMONATES, 

NITRATES. 

A.  Anhydrous  Phosphates. 

B.  Acid  and  Basic  Phosphates. 

C.  Hydrous  Phosphates. 

227.    MonazUe,  (Ce,La,Di)PO„  with  2-18%  ThO,.' 
Monoclinic.    With  oo  Poo  large,  oo  Poo ,  oo  P,  -  Pdo ,  Pob ,  2P  oo ,  -  p. 
Crystals  small,  often  flattened  parallel  ooPoo,  or  elongated  along 
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h  axis.  In  masses  yielding  angular  fragments;  also  in  rolled  grains. 
Cleavage:  OP,  perfect,  but  perhaps  parting.  '  Brittle.  H.= 5-5.5. 
G.= 4.9-5.3.  Luster  inclining  to  resinous.  Color  hyacinth-red, 
clove-bro^n,  reddish  or  yellowish  brown.  Subtransparent  to 
subtranslucent.  Analjrsis  from  Burke  Co.,  N.  C,  gave  Ce20,  31.38, 
La^O.+DijO,  30.88,  ThO,  6.49,  SiOj  1.40,  PA  29.28.  Monazite 
is  found  disseminated  in  gneisses  and  Granites,  and  is  concentrated 
into  placers;  often  obtained  with  Gold.  It  is  obtained  in  Burke, 
Polk,  McDowell  and  Rutherford  counties,  N.  C,  in  Gold  placers, 
and  is  sold  in  some  amount;  found  near  Arendal,  Norway.  The 
largest  deposits*  of  Monazite  are  beach  sands  near  Prado,  285  miles 
south  of  Bahia,  Brazil.  The  sands  are  derived  directly  from  the 
Cretaceous  sediments  that  form  the  shore  bluffs,  but  these  in  turn 
were  derived  from  the  decomposition  of  older  crystalline  rocks. 
The  first  shipments  of  Monazite  from  Brazil  sold  for  $425  a  ton, 
but  in  Jan.,  1900,  it  was  quoted  at  $140  a  ton.  It  is  used  in  the 
manufacture  of  mantels  for  incandescent  burners,  and  the  value 
is  said  to  be  due  to  the  thorium  contained. 

Apatite    Group.    Hexagonal.    Pyramidal    Hemihedral. 
isomorphous. 

228.  Apatite,  Ca4(CaF,a)(P0J,. 

229.  Pyromorphite,  PbiCPbaXPOJ,. 

230.  Mimetite,  Pb4(Pba)(As04),. 

231.  Vanadmite,        Pb4(Pba)(V04),. 

228.    ApaiHe,  Ca4(CaF,a)(P04)j. 

Hexagonal,  pyramidal  hemihedral.  Habit  long  to  short 
prismatic  and  tabular,  the  latter  highly  modified.  The  common- 
est form  is  long  prismatic  with  ooP,  OP,  P.  Third  order  forms 
are  rare,  but  etching  figures  with  HNO3  on  OP  are  asymmetric. 
Also  globular  and  reniform,  with  fibrous  structure;  massive,  gran- 
ular to  compact.  Cleavage:  OP,  imperfect;  00 P,  more  so. 
Fracture  conchoidal  and  uneven.  Brittle.  H.  =  5.  G.=3.17- 
3.23.  Luster  vitreous,  inclining  to  subresinous.  Color  sea-green, 
bluish^green,  reddish  brown,  brown,  yellow,  white,  and  violet- 
blue.    Streak  white.    Transparent  to  opaque,    Comp.,  for  Fluor- 
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Apatite,  CaO  55.5,  Vjd^  42.3,  F  3.8;  Chlor-Apatite,  CaO  53.8,  PA 
41.0,  CI  6.8.  Most  Apatite  has  fluorine  with  a  little  chlorine. 
That  of  North  Burgess  gives  CaO  52.29,  MgO  0.55,  AlA  1.19, 
Fe,0,  1.29,  PjO^  39.05,  F  3.79,  CI  0.48,  insoluble  3.49.  Phos- 
phorite is  a  fibrous  concretionary  variety.  Apatite  occurs  in 
small  needles  in  most  plutonic  rocks,  also  in  metamorphic  rocks. 
It  is  used  as  a  fertilizer,  and  is  found  economically  under  two  con- 
ditions: (1)  As  basic  segregations  in  Gabbros  as  at  Odegaarden, 
near  Bamle  with  Enstatite  and  Lepidomelane,  and  along  the  coast 
from  Langesund  Fiord  to  Arendal,  Norway.  Possibly  the  large 
deposits  at  Kragero,  Norway,  belong  to  this  t3rpe.  (2)  In  beds 
in  granular  limestone  in  connection  with  gneisses  or  schists.  Here 
the  Apatite  represents  the  phosphates  contained  in  the  organisms 
which  deposited  the  limestones  primarily,  concentrated  by  concre- 
tionary action  or  segregation.  At  South  and  North  Burgess, 
Lanark  Co.,  Ontario,  there  is  a  bed  10  feet  broad,  3  feet  being  pure 
sea-green  Apatite;  also  in  Ottawa,  Renfrew,  and  Frontenac  coun- 
ties. One  crystal  from  Buckingham,  Ottawa  Co.,  weighed  550 
pounds  and  was  72^  inches  in  circumference.  Phosphate  de- 
posits consisting  of  nodules,  concretions  and  phosphatic  hmestones 
are  found  in  North  Carolina,  Alabama,  and  Florida,  of  Tertiary  age. 
In  1899,  the  region  produced  1,515,702  long  tons  valued  at  $5,084,- 
076.    It  is  not  Apatite,  and  is  called  "bone  phosphate." 


229.    PyroTnorpAife,  Pb4(Pba)(P04)3. 

Hexagonal,  pyramidal  hemihedral.  Crystals  prismatic,  with 
00  P,  OP,  and  sometimes  P.  Does  not  show  a  variety  of  forms 
like  Apatite.  ooP  striated  horizontally,  and  often  in  rounded, 
barrel-shaped  forms;  also  in  branching  groups  in  nearly  parallel 
position,  tapering  to  a  point.  Often  globular,  reniform;  also 
fibrous  and  granular.  Cleavage  only  in  traces  after  ooP,  P.  H. 
=3.5-4.  G.  =  6.7-7.1.  Luster  resinous.  Color  green,  yellow, 
brown.  Streak  white  to  yellowish.  Comp.,  PbO  82.2,  PA  15.7, 
CI  2.6.  Pyromorphite  accompanies  lead  ores  above  the  water- 
line.  Good  crystals  at  Ems,  Nassau,  Germany;  Cornwall  and 
Cumberland,  Eng.;  Phcenixville,  Pa. 
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230.    Mimetiie,FhJ(;Pha)(ABO;)^. 

Hexagonal,  pyramidal  hemihedral.  Crystals  like  Pyromor- 
phite.  H.  =  3.5.  G.  =  7-7.25.  Luster  resinous.  Color  pale  yel- 
low, passing  to  brown;  orange-yellow.  Streak  white.  Comp., 
PbO  74.9,  AsjOg  23.2,  a  2.4.  It  also  results  from  the  oxidation 
of  lead  ores,  but  is  not  common.  Occurs  in  Cornwall,  Eng.;  Du- 
rango,  Mexico;  and  Phoenixville,  Pa. 

231.  Vanadinite,Th,(ThCl)(yOX 

Hexagonal,  pyramidal  hemihedral.  Crystals  sometimes  noth- 
ing but  hollow  prisms.  Parallel  growths  like  Pyromorphite.  In 
implanted  globule  or  incrustations.  H.= 2.75-3.  G.=2.66- 
7.23.  Luster  of  fracture  surface  resinous.  Color  deep  ruby-red, 
light  brownish  yellow,  reddish  brown.  Streak  white  or  yellowish. 
Subtranslucent  to  opaque.     Comp.,  PbO  78.7,  \fi^  19.4,  d  2.5. 

Endlichite  contains  up  to  13%  of  ASjO^  but  the  whole  group 
is  completely  isomorphous,  and  each  may  contain  the  other.  It  is 
quite  abundant  in  the  mining  regions  of  Arizona  and  New  Mexico, 
often  associated  with  Wulfenite,  Descloizite  and  Pyromorphite. 
At  Hamburg  and  Melissa  mines  in  Yuma  Co.;  Mammoth  gold 
mine,  Oracle,  Pinal  Co.;  and  Humbug  district,  Yavapai  Co.,  Ariz. 
Endlichite  at  Lake  Valley,  Sierra  Co.,  N.  M. 

232.  Strumte,  NH.MgPO^+eH^O. 

Orthorhombic,  hemimorphic.  Habit  varied.  Often  one  end 
is  terminated  by  brachy-  and  macrodomes,  Pdb,  Po6,  with  OP 
about  the  other.  ooP*  is  often  present.  Cleavage:  OP,  some- 
times perfect.  H.=2.  G.  =  1.65-1.7.  Color  yellowish  to  brown, 
white.  Luster  vitreous.  Tasteless,  being  but  slightly  soluble. 
Comp.,  (NHJ^O  10.6,  MgO  16.3,  PA  29.0,  H,0  44.1.  It  is 
foimd  in  Guano. 

233.    Erythrite,  or  CoMt  Bloom,  COjC AsOJ, + 8Kf). 

Monoclinic.  Crystals  prismatic,  and  vertically  striated.  Also 
in  globular  and  reniform  shapes,  having  colunonar  structure;  some* 
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times  stellate.  Also  pulverulent  and  earthy,  incrusting.  Cleav- 
age: 00 Poo,  highly  perfect.  Sectile.  H.  =  1.5-2.5.  G.  =  2.948. 
Luster  of  ooPoo  pearly;  elsewhere  adamantine  inclining  to  vitreous; 
also  dull  and  earthy.  Color  crimson  and  peach-red,  sometimes 
gray.  Streak  paler  than  color.  Comp.,  CoO  37.5,  As^Oj  38.4, 
HjO  24.1,  with  cobalt  sometimes  replaced  by  nickel,  iron,  and  cal- 
cium. It  is  the  alteration  product  of  cobalt  arsenides.  Occurs 
at  Schneeberg,  Saxony;  Cornwall;  withPyriteat  French  Creek,  Pa. 

234.    Annabergiie,  or  Nickel  Bloom,  Ni^C AsOJ, + 8H3O.     "  ^ 

Monoclinic.  In  capillary  crystals;  also  massive  and  dissem- 
inated. Soft.  Fracture  uneven  to  earthy.  Color  apple-green. 
Streak  greenish  white.  Comp.,  NiO  37.4,  Asfi^  38.5,  11,0  24.1, 
with  a  little  cobalt  and  calcium.  It  is  the  oxidation  product  of 
nickel  arsenides.  It  occurs  at  Annaberg,  and  Schneeberg,  Saxony; 
Chatham,  Conn.;  Gem  mine  near  Silver  Cliff,  Colorado. 

235.     Waveaite,4AlPO,,2Al(OH\'\-9Rfi.  " 

Orthorhombic.  00 P,  ooPob,  Poo.  Distinct  crystals  rare. 
00  P  striated  vertically.  Usually  in  aggregates,  globular  with 
crystalline  surface,  and  radiated  internal  structure.  Cleavage: 
Pco,  00 P(5b,  rather  perfect.  H.- 3.25-4.  G.= 2.31-2.34.  Luster 
vitreous.  Color  white,  yellow,  green  to  brown  and  black.  Comp., 
AljOs  38.0,  PA  35.2,  HjO  26.8,  with  fluorine  sometimes  present 
up  to  2%.  Found  in  slate  quarries  at  York  Co.,  Pa.,  and  at  Mag- 
net Cove,  Arkansas,  in  fine  green  stellate  radiations. 

236.    Turquois,  A1P0,.A1(0H)3+Hj0. 

Massive,  amorphous  or  cryptocrystalline.  Reniform,  stalac- 
titic,  or  incrusting.  In  thin  seams  and  disseminated  grains.  Also 
in  rolled  masses.  Cleavage  none.  Fracture  small  conchoidal. 
Rather  Brittle.  H.  =  6.  G.  =  2.6-2.83.  Luster  somewhat  waxy, 
feeble.  Color  sky-blue,  bluish  green  to  apple-green  and  greenish 
gray.  Streak  white  or  greenish.  Feebly  subtranslucent  to  opaque. 
Comp.,  AI2O5  46.8,  PA  32.6,  HjO  20.6.  It  is  colored  probably 
by  copper  phosphate,  as  it  always  contains  CuO  from  2-8%,  also 
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some  Fe,0,  and  CaO.  An  analysis  from  Los  Cerillos  gave  AljOj 
36.88,  PjOj  32.86,  H^O  19.60,  FeA  2.40,  CuO  7.51,  CaO  0.38, 
SiO,  0.16.  It  is  used  as  a  gem.  It  is  a  secondary  mineral,  and 
is  probably  formed  by  phosphoric  acid  acting  upon  Kaolin.  It  is 
foimd  in  seams  in  Trachyte  in  Persia  not  far  from  Nish&p<ir,  Kho- 
rassan;  likewise  in  similar  rocks  at  Los  CeriUos,  N.  M. ;  also  in  Burro 
Mts.,  Grant  Co.,  N.  M.  In  1899  New  Mexico  produced  $72,000 
worth  of  Turquois.  It  is  easily  mistaken  for  Malachite  stain,  as  it 
becomes  green  when  exposed.  The  southwestern  deposits  have 
been  frequently  passed  over  in  this  manner  without  discovery. 

237.    Soda  Niter,  tis^NO^. 

Hexagonal,  rhombohedral.  Usually  in  massive  form  as  an 
incrustation  or  in  beds.  Cleavage:  R,  perfect.  H.  =  1.5-2.  G.= 
2.24-2.29.  Color  white,  also  reddish  brown,  yellow.  Taste  cool- 
ing. Comp.,  NajO  36.5,  N^Oj  63.5.  Found  in  the  districfpf 
Tarapaca,  northern  Chile,  and  neighboring  Bolivia,  where  the 
country  for  120  miles  is  covered  by  a  bed  several  feet  thick  along 
with  Gypsmn,  Halite,  and  Glauber  Salt;  also  near  Calico,  San 
Bernadino  Co.,  CaUfomia;  and  25  miles  east  of  Lovelock's  Station, 
Humbolt  Co.,  Nevada. 

238.     Niter,  KNO,. 

Orthorhombic.  Twins:  ooP,  pseudohexagonal  resembling 
Aragonite.  Qeavage:  P*,  perfect.  H.  =  2.  G.  =  2.09-2.14. 
White.  Taste  saline  and  cooling.  Comp.,  K^O  46.5,  NjOg  53.5. 
Found  generally  in  minute  needles  and  crusts  on  the  soil  at  certain 
times,  in  Spain,  Egypt,  Persia;  Madison  Co.,  Ky.,  in  cave  earth; 
similarly  in  the  limestone  caverns  of  the  Cumberland  tableland, 
Tenn. 

VI.    OXYGEN-SALTS. 
5.    BORATES. 

.239.    BaracUe,  Mg^Cl^BieO^,. 

Isometric,  tetrahedral  at  265°  C,  but  at  ordinary  tempera- 
ture is  pseudo-isometric  and  orthorhombic.    Habit  cubical,  tetra- 
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hedral,  octahedral,  or  rhombic  dodecahedral  generally  with  all 
three  forms.  Penetration  twins:  O.  Crystals  usually  embedded. 
H.  =  7.  G.= 2.9-3.  Luster  vitreous.  Color  white,  gray,  yellow- 
Streak  white.  Strongly  pyroelectric.  The  faces  of  the  dull  tetra- 
hedron— —K  form  the  analogous  pole,  those  of  the  polished  form 

-^ic  the  antilogous  pole.    Comp.,  MgO  31.4,  B2O,  62.6,  CL  7.9.    It  is 

foimd  in  beds  with  Anhydrite,  Gypsum,  and  Hahte,  as  at  Kalks- 
berg,  Liineburg,  Hanover;  massive  and  in  crystals  at  Stassfurt, 
Germany. 

240.    CoZmant«6,  HCa(BOj)3+2HaO. 

Monoclinic.  Crystals  usually  short  prismatic  with  00  P  pre- 
dominating, also  00  Px,  00  P«),  OP,  —  P,  2Pob.  Massive  cleavable, 
granular  to  compact.  Cleavage:  00 P«,  highly  perfect.  H.= 
4-4.5.  G.=2-42.  Luster  vitreous  to  adamantine,  brilUant. 
Colorless  to  milky-white,  yellowish  white.  Transparent  to  trans- 
lucent. Comp.,  CaO  27.2,  BjOj  60.9,  H^O  21.9.  Found  in  Death 
Valley,  Inyo  Co.,  and  in  CaUco  district,  San  Bemadino  Co.,  Cali- 
fornia, in  considerable  amoimts,  and  is  used  in  the  preparation 
of  Borax. 

241 .    Borax,  or  Tincal,  Na^B^Oy + 10H,O. 

Monoclinic.  00 P*,  00 Poo,  00 P,  OP,  P.  Twins:  00P06. 
Crystals  prismatic.  Cleavage:  00 Px,  perfect;  00 P,  less  so.  H.= 
2-2.5.  G.  =  1.69-1 .72.  Luster  vitreous  to  resinous;  sometimes 
earthy.  Color  white;  sometimes  grayish,  bluish,  or  greenish. 
Streak  white.  Translucent  to  opaque.  Taste  sweetish  alkaUne, 
feeble.  Comp.,  Na^O  16.2,  BA  36.6,  H^O  47.2.  It  is  found  in 
salt  lakes  in  Tibet,  where  it  covers  the  soil  of  the  surrounding 
country.  It  is  also  found  in  lagoons  in  Tuscany,  and  at  Borax 
Lake,  80  miles  north  of  San  Francisco,  CaUfomia,  where  it  is  dug 
from  the  lake  mud  in  cofferdams,  as  well  as  from  the  surrounding 
marsh  soil.  900  pounds  of  crystals  were  obtained  from  one  coffer- 
dam. Borax  is  associated  at  times  with  volcanic  action,  as  in  some 
of  the  Italian  localities. 
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VI.    OXYGEN-SALTS. 
SULPHATES,  CHROBIATES,  TELLURATES. 

A.  Anhydrous  Sulphates,  etc. 

B.  Acid  and  Basic  Sulphates. 

C.  Hydrous  Sulphates. 

Barite  Group.    Orthorhombic.    Isomorphous. 

242.  Barite,        BaSO^. 

243.  Cdestite,    SrSOf. 

244.  Anglesite,   PbSO^. 

245.  Anhydrite,  CaSO*. 

242.    BarUe^Bs&O^. 

Orthorhombic.  It  has  many  forms  and  varied  habit,  but  a 
few  types  occur  most  frequently.  (1)  Most  common  tabular  aft-er 
OP  with  00  P,  and  sometimes  JPoo,  Po6,  small.  (2)  Prismatic  after 
b  axis,  with  OP,  iP*  large,  and  Po6,  ooP,  small.  Also  common. 
(3)  Prismatic  after  the  a  axis.  OP,  P<*  large,  and  iP<»,  ooP, 
small.  It  is  rarely  prismatic  after  "c  axis.  Sometimes  in  phan- 
toms due  to  change  of  habit.  Twins:  ooP,  only  as  lameUse  due 
to  pressure,  since  it  is  a  gliding  plane;  the  striations  resemble 
those  of  the  Plagioclase.  Parallel  growths  frequent".  Also  in 
globular  forms,  fibrous  or  lamellar;  coarsely  laminated;  granular 
resembling  marble,  and  earthy.  Cleavage:  OP,  very  perfect;  ooP 
perfect.  Fracture  uneven.  Brittle.  H.  =  2.5-3.5.  G.  =  4.3-4.6. 
Luster  pearly  on  OP;  elsewhere  vitreous.  This  is  seen  very  nicely 
on  the  cleavage  planes.  Color  white;  also  yellow,  gray,  blue, 
brown.  Transparent  to  translucent  and  opaque.  At  times  shows 
phosphorescence.  Sometimes  fetid  when  rubbed.  Comp.,  BaO 
65.7,  SO3  34.3,  often  with  strontiimi  and  calcium,  since  the  group 
is  isomorphous.  It  is  a  common  gangue  mineral  in  ore  veins, 
especially  of  lead,  also  copper  and  silver.  It  is  also  foimd  in  cavi- 
ties in  limestones  and  in  all  cases  has  been  deposited  from  solution. 
It  is  insoluble  in  acids,  but  in  nature  it  alters  to  Calcite,  Siderite 
Cerussite,  Hematite,  Limonite,  Quartz,  and  many  other  minerals. 
Fine  crystals  are  found  in  the  lead  veins  in  Westmoreland,  Cum- 
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berland,  and  elsewhere  in  England;  Pribram,  Bohemia;  Felsobanya, 
Himgary;  iJl  Paso  and  Fremont  comities,  Colo.;  Bad  Lands,  South 
Dakota,  where  it  sometimes  occupies  cavities  in  fossils.  It  is 
mined  massive  in  veins  in  North  and  South  Carolina,  Virginia, 
and  Missouri,  where  it  occurs  often  with  Galena.  In  1899,  these 
states  produced  41,894  short  tons  valued  at  $140,000.  It  is  used 
as  an  adulterant,  especially  of  white  lead. 

243.    Cekstile^^T&O^. 

Orthorhombic.  Crystals  resembling  those  of  Barite.  (1) 
Most  frequently  tabular  after  OP  and  elongated  in  the  direction 
of  the  h  axis  bounded  by  OP,  iPoo,  P*  and  ooP  small.  (2)  Also, 
especially  from  Sicily,  prismatic  along  the  a  axis  with  the  same 
forms  and  possibly  ooP<3b.  Also  fibrous  and  radiated;  sometimes 
globular;  occasionally  granular.  Cleavage:  OP,  very  perfect; 
«P,  perfect.  Fracture  uneven.  H.  =  3-3.6.  G.  =  3.95-3.97. 
Luster  pearly  on  OP,  elsewhere  vitreous.  Color  white,  often  faint 
bluish,  whence  the  name.  Streak  white.  Transparent  to  sub- 
translucent.  Comp.,  SrO  56.4,  SO,  43.6,  with  some  calcium  and 
barium.  Celestite  is  usually  foimd  in  veins  with  limestone,  some- 
times sandstone;  also  with  Gypsum  and  Halite,  and  with  Sulphur 
in  volcanic  regions.  Rarely  in  ore  veins  with  Galena  and  Sphalerite. 
It  is  found  in  splendid  aggregates  near  Girgenti,  Sicily,  and  Bex, 
Switzerland,  with  Gypsum,  in  the  former  case  also  with  Sulphur. 
Large  bluish  crystals  over  one  foot  long  and  eight  inches  broad 
are  found  in  veins  in  the  Silurian  limestones  of  Put-in-Bay  island, 
Lake  Erie,  where  it  is  shipped  in  small  quantities.  It  is  used  in 
fireworks  and  in  sugar  manufacture. 

244.    An^Zmte,  PbSO^. 

Orthorhombic.  Habit  varied,  with  much  the  same  forms  as 
the  previous  members,  but  more  highly  modified.  More  often 
prismatic,  in  all  three  axial  directions;  also  tabular  after  OP,  but 
very  frequently  pyramidal  by  development  of  the  domes  without 
OP,  also  with  P2  generally  present,  sometimes  large.  ooP,  and 
00 Poo,  which  occurs,  at  times  are  striated  vertically  frequently. 
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Also  massive,  granular  to  compact;  in  nodular  forms,  and  massive 
often  made  of  up  layers  and  showing  a  core  of  Galena.  Cleavage : 
OP,  00  P,  distinct,  but  interrupted.  Fracture  conchoidal.  Very 
brittle.  H.  =  2.75-3.  G.  =  6.12-6.39.  Luster  highly  adamantine 
on  some  specimens,  on  others  inclining  to  vitreous  and  resinous. 
Color  white,  tinged  yellow,  gray,  green,  blue.  Streak  uncolored. 
Transparent  to  opaque.  Comp.,  PbO  73.6,  SOj  26.4.  It  is  soluble 
in  ammonium  citrate.  It  is  found  as  an  oxidation  product  of 
Galena  above  the  water-line.  It  sometimes  alters  to  Cerussite. 
Anglesite  was  found  on  the  island  of  Anglesea  in  the  Irish  Sea; 
occurs  in  the  lead  mines  of  Derbyshire  and  Cumberland,  Eng.; 
Monte  Poni,  Sardinia;  Wheatley  mine,  Phcenixville,  Pa.,  with  Pyro- 
morphite;  Missouri  lead  mines;  Colorado  in  many  places,  as  mas- 
sive at  the  North  Star  mine.  King  Solomon  Mt.,  Silverton. 

245.    Anhydrite,  CaS04. 

Orthorhombic.  Crystals  not  common.  Prismatic  after  6  axis, 
bounded  by  P  ob ,  Poo ,  and  sometimes  a  series  of  macrodomes.  .  At 
times  of  tetragonal  appearance,  due  to  prominence  of  the  pinacoids. 
Also  massive,  cleavable;  fibrous,  lamellar,  granular,  and  sometimes 
impalpable.  Cleavage:  OP,  very  perfect  with  pearly  luster;  ooPqSS, 
perfect,  with  vitreous  luster;  oo  Poo ,  not  so  good,  with  greasy  luster. 
Fracture  uneven.  Brittle.  H.  =  3-3.5.  G.  =  2.89-2.98.  Color  white, 
grayish,  bluish,  or  reddish.  Streak  grayish  white.  Comp.,  CaO 
41.2,  SOj  58.8.  It  occurs  in  sedimentary  rocks,  generally  with 
HaUte  and  Gypsum,  having  been  deposited  from  salt  lakes.  It  is 
said  that  under  a  pressure  of  10  atmospheres  Anhydrite  is  always 
formed.  This  would  be  the  condition  existing  on  the  bottom  of 
some  lakes,  and  the  ocean.  It  takes  up  water,  increases  in  volume, 
sometimes  producing  enormous  pressures,  and  passes  into  Gypsum. 
It  is  found  at  Stassfurt,  Germany,  in  beds,  also  in  crystals  in 
massive  Kieserite;  Bex,  Switzerland;  Hall,  Tyrol;  Lockport,  N.  Y.; 
near  Philadelphia,  Pa.  It  occurs  in  extensive  beds  at  the  estuary 
of  the  Avon  and  St:  Croix  rivers.  Nova  Scotia.  i 
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246.    CrocoUe,  PbCrO^. 

Monoclinic.  Habit  much  varied,  with  over  sixty  well-defined 
forms,  and  many  more  with  large  indices  probable.  Usually  pris- 
matic after  oo  P,  which  is  vertically  striated.  Most  faces  smooth  and 
brilliant.  Also  imperfectly  columnar  and  granular.  Cleavage:  ooP, 
rather  distinct.  Sectile.  H.  =  2.53.  G.  =  5.9-6.1.  Luster  adamantine 
to  vitreous.  Color  various  shades  of  bright  hyacinth-red.  Streak 
orange-yellow.  Translucent.  Comp.,  PbO  68.9,  CrjOj  31.1.  First 
found  at  Berezov,  also  at  Mursinka,  and  near  Nischne  Tagilsk  in 
the  Urals  in  veins  with  Galena,  Gold,  Pyrite,  and  Quartz;  Rez- 
banya,  Himgary;  Luzon,  PhiUppines;  Dundas,  Tasmania;  T^dth 
Vanadinite  and  Wulfenite  in  small  amounts  in  the  mines  of  the 
Vulture  district,  Maricopa  Co.,  Ariz. 

247.    Kainite,  MgSO^.Ka+BHjO. 

Monoclinic.  ooPob,  ooPoo,  OP,  —P.  Crystals  tabular,  pris- 
matic, pyramidal.  OP  uneven  and  broken.  Also  massive  and  in 
crystalline  crusts.  Cleavage:  ooPSb,  distinct,  also  ooP.  H.  =  2.5-3. 
G.  =  2.06-2.19.  Luster  vitreous.  Color  white  to  dark  flesh-red. 
Comp.,  MgO  16.1,  K,0  18.19,  SO,  32.1,  H^O  21.8,  Q  14.3.  It  is 
found  granular  massive,  less  often  crystals  at  Stassfurt,  Prussia, 
and  in  beds  of  considerable  thickness  at  Kalusz,  Galicia.  It  is  val- 
uable as  a  fertilizer. 

248.  KieserUe,  MgSO^  +  HjO. 
Monoclinic.  -P,  -  JP,  P,  JP.  Crystals  rare.  Usually  massive, 
coarse  to  fine  granular,  or  compact.  Cleavage:  P,  JP,  perfect. 
Friable  to  firm.  H.  =  3-3.5.  G.= 2.51-2.57.  Luster  vitreous. 
White,  grayish  to  yellowish.  Translucent  to  opaque.  Comp., 
MgO  29.0,  SOg  58.0,  H3O  13.0.  Occurs  in  considerable  quantities 
at  Stassfurt;  also  at  Kalusz,  Galicia.     It  is  used  technically. 

249.    Gypsum,  CaS04+2HjO. 

Monoclinic.  Bounded  generally  by  00 P,  00 Poo,  —  P,  and  at 
times  JP06  as  a  rough  or  rounded  surface.     Twins:   (1)  ooPdo, 
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common  usually  contact,  forming  arrow-head  shapes;  also  as  cruci- 
form penetrations.  (2)  —  P*  as  contact  twins.  Cr3rstals  simple, 
flattened  parallel  ooPoo,  and  elongated  in  direction  of  a,  but  at 
times  acicular  parallel  c.  Curved  surfaces  very  frequent.  Also 
foliated  massive,  lamellar-stellate,  often  granular  massive,  and 
sometimes  nearly  impalpable.  Cleavage:  ooPc»,  eminent  with 
pearly  luster;  ooPdo,  giving  surface  with  conchoidal  fracture;  P 
with  a  fibrous  structure  parallel  to  —Poo ,  the  gliding  plane.  Cleav- 
age after  |Po6  and  ^Pob  developed  by  percussion  figure.  H.= 
1.5-2.  G.= 2.31-2.33.  Luster  of  ooPoo  pearly,  elsewhere  vitreous 
to  sub  vitreous;  massive  varieties  often  glistening  to  dull  and 
earthy.  Color  white,  flesh-red,  yellow,  blue;  if  impure,  brown, red, 
black.  Streak  white.  Transparent  to  opaque.  Comp.,  CaO  32.5 
SO,  46.6,  HjO  20.9.  Varieties:  (1)  Crystallized,  or  Selenite.  (2) 
Fibrous.  Satin  Spar  when  fine.  (3)  Massive;  Alabaster  when  white 
or  pinkish.  Rock  Gypsum  if  impure.  Gypsum  is  always  found  in 
quantities  in  sedimentary  rocks  where  it  has  been  deposited  from 
solution  in  salt  lakes,  or  has  resulted  from  the  alteration  of  Anhy- 
drite. It  may  result  in  small  amounts  from  alteration  of  igneous 
rocks.  It  is  used  for  plaster  of  Paris  and  fertilizer,  also  at  times 
for  ornaments.  Occurs  in  Girgenti,  Sicily,  with  Sulphur;  Bex, 
Switzerland;  Stassfurt,  Prussia;  Montmartre,  near  Paris;  18 
miles  from  Abington,  and  near  L)mchburg,  Va.,  with  Halite.  In 
1889  486,235  short  tons  were  produced  in  the  U.  S.,  valued  at 
$1,287,080.  Of  this  Michigan  produced  34%,  followed  by  Kan- 
sas, Iowa,  Texas,  New  York,  and  Ohio,  all  of  which  produced  90% 
of  the  total.  Fine  crystals  are  found  in  concretions  in  clay  at  Ells- 
worth and  Canfield,  Trumbull  Co.,  and  in  Mahoning  Co.,  Ohio. 


250.    Epsomite,  or  Epsom  Salt,  MgS04+7HjO. 

Orthorhombic.  Prismatic.  Also  massive,  botryoidal,  and  in 
fibrous  crusts.  Cleavage:  ooPoo,  very  perfect.  H.= 2-2.5.  G.= 
1.75.  Luster  vitreous  to  earthy.  Color  and  streak  white.  Trans- 
parent to  translucent.  Taste  bitter  and  saline.  Comp.,  MgO  16.3, 
SO3  32.5,  HjO  51.2.  Common  in  mineral  waters  and  as  an  efflo- 
rescence on  rocks  and  in  mines.     Occurs  at  Epsom,  England; 
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massive  as  Reichardhite  at  Stassfurt;  in  floors  and  roofs  of  caves 
in  Kentucky,  as  at  Mammoth  Cave;  also  in  caves  in* Tennessee 
and  Indiana. 

251 .    Alunogen,  Al^CSOJa + 18HjO. 

Monoclinic.  Usually  in  delicate  fibrous  masses  or  crusts;  also 
massive.  H.  =  1.5-2.  G.  =  1.16-1.8.  Luster  vitreous  to  silky. 
Color  white,  or  tinged  with  yellow  or  red.  Tastes  like  common 
alum.  Comp.,  AljO,  15.3,  SO,  36.0,  HjO  48.7.  Results  from  vol- 
canic action  and  decomposition  of  Pyrite,  forming  "alum  shales.'^. 
Foimd  at  Vesuvius,  Peru,  Bolivia,  and  as  an  eflBorescence  in 
numerous  places  in  the  United  States.  It  is  found  in  large  quan- 
tities at  Smoky  Mt.,  Jackson  Co.,  N.  C,  and  on  the  Gila  river,  40 
miles  north  of  Silver  City,  New  Mexico. 

VI.    OXYGEN-SALTS. 
7.    TUNGSTATES,  MOLYBDATES. 

252.  Wolframite,  (Fe,Mn)W04. 

253.  HubnerUe,  (Mn,Fe)W04. 

f  Monoclinic.  ooPx,  ooP,  —  ^Poo,  Poo.  Crystals  commonly 
tabular  after  ooPo).  Prismatic  zone  vertically  striated.  Twins: 
Twinning  axis  c  with  ooP*  as  composition  face.  Often  in  bladed 
crystals,  also  irregular  lamellar,  coarse  divergent  columnar,  massive 
granular,  the  particles  strongly  coherent.  Cleavage :  oo  Pd6 ,  very 
perfect.  H.  =  5-5.5  G.  =  7.2-7.5.  Luster  submetallic;  metallic 
adamantine;  resinous.  Color:  Wolframite,  dark  grayish  or  browns 
ish  black;  Hiibnerite,  brownish  red  to  hair-brown.  Streak 
gray,  brown,  nearly  black.  Opaque  or  sometimes  translucent. 
Sometimes  weakly  magnetic.  Composition  varies,  grading  from 
one  to  each  other;  Wolframite  from  Altenberg,  Saxony,  gave 
FeO  9.64,  MnO  14.90,  WO,  75.44;  color  black;  G.=7.19.  Hub- 
nerite,  Cement  Creek,  Silverton,  Colo.,  gave  MnO  21.78,  FeO  1.61, 
WO3  76.63;  color  reddish  brown;  G  =  6.891.  Wolframite  is  asso- 
ciated with  Cassiterite  and  sometimes  Bismuth,  as  in  Saxony; 
Cornwall,  England   and  Australia.      It   occurs   at  Lane's  Mine, 
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Monroe,  Conn.,  in  Quartz  with  Bismuth.  Hiibnerite  is  found  with 
Quartz  in  veins  frequently  in  Ouray  and  San  Juan  counties,  Ck)lo. 
Wolframite  alters  to  Scheelite.  These  minerals  are  very  valuable 
and  are  used  in  tungsten  steel. 

Scheelite    Group.     Tetragonal.      Pyramidal    Hemihedral. 

isomorphous. 

254.  Scheelite,    CaW04. 
Powellite,   Ca(Mo,W)04. 
Stolzite,      PbWO*. 

255.  Wulfenite,  PbMoO^. 

254.    Scheelite,  Ca^VfO^. 

Tetragonal,  pyramidal  hemihedral.     Habit  pyramidal  bounded 

by  P,  Poo,  OP,  and  at  times  —75— tt.     Sometimes  tabular  after  OP. 

Twins:  00 Px  as  contact  and  penetrations.  Also  reniform  with 
columnar  structure;  and  massive  granular.  Cleavage:  P,  distinct; 
Poo  interrupted.  Brittle.  H.  =4.5-5.  G.  =  5.9-6.1.  Luster 
vitreous  to  adamantine.  Color  white,  yellQwish  white,  pale 
yellow,  brownish,  greenish,  reddish.  Streak  white.  Transparent 
to  translucent.  Comp.,  CaO  19.4,  WO3  80.6,  with  MoO,  present 
up  to  8%.  It  is  found  with  Cassiterite,  Topaz,  Fluorite,  Apatite, 
Wolframite,  and  Molybdenite  in  Quartz  veins  near  igneous  rocks. 
It  is  used  in  the  manufacture  of  tungstic  acid.  Found  in  many 
places  with  tin  in  Erzgebirge;  also  in  Cumberland,  Eng.;  Adelong, 
N.  S.  W.,  from  a  gold  mine;  New  Zealand,  massive;  at  Lane's 
Mine,  Monroe,  and  at  Huntington,  Conn.,  massive  and  crystals 
with  Wolframite,  Rutile,  Pyrite,  Bismuth,  in  Quartz. 

255.    Wulfenite,  PbMoO^. 

Tetragonal,  pyramidal  hemihedral.    Crystals  commonly  square 
tabular,  often  very  thin,  bounded  by  OP,  iP«>,  Poo,  and  possibly 

P,  JP,  and  at  times  — o^^r.    Also  granular  massive,  coarse  or  fine, 

firmly   cohesive.     Cleavage:    P,   smooth.     Brittle.     H.«=  2.75-3. 
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G.  =  6.7-7.  Luster  resinous  or  adamantine.  Color  wax-yellow  to 
orange-yellow,  also  bright  red;  sometimes  greenish,  brown,  to 
grayish  white.  Streak  white.  Subtransparent  to  subtranslueent. 
Comp.,  PbO  60.7,  MoOg  39.3,  with  calcium  sometimes  replacing 
lead.  It  is  found  in  veins  with  lead  ores.  It  occurs  in  fine  crystals 
at  the  Hamburg  mine,  Yuma  Co.,  Ariz.,  with  Vanadinite;  also  at 
Vulture  mine,  Maricopa  Co.,  and  at  Mammoth  gold  mine  near 
Oracle,  Pinal  Co.,  Ariz. 


VII.    HYDROCARBON  COMPOUNDS. 

Many  such  compoimds  are  found  in  the  earth's  crust  and  are 
not  minerals,  but  they  are  of  economic  importance,  and  a  few  will 
be  mentioned. 

256.    Ozocerite.    Native  Paraffin,  or  Mineral  Wax. 

Like  wax  in  appearance  and  consistency.  G.==  0.85-0.90. 
Colorless  to  white  when  pure;  often  leek-green,  yellowish,  brown- 
ish yellow,  brown.  Often  with  greenish  opalescence.  Trans- 
lucent. Greasy  to  the  touch.  It  may  be  considered  as  a  petroleum 
with  volatile  constituents  evaporated.  It  is  used  for  beeswax, 
candles,  and  as  an  insulator.  It  is  found  in  considerable  quantities 
in  Tertiary  rocks  at  Boryslaw  and  Truscawitz,  Galicia,  Austria; 
and  at  Thistle,  Utah.  In  1898,  Galicia  produced  7,583  short  tons. 
Composition  from  Boryslaw,  C  85.87,  H  14.29. 

257.   Succinite,  or  Amber. 

In  irregular  masses,  without  cleavage;  fracture  conchoidal; 
optically  anisotropic.  H.  =  2-2.5.  G.  =  1.05-1.09.  Luster  re- 
sinous. Color  yellow,  reddish,  brownish,  and  whitish,  sometimes 
fluorescent.  Streak  white.  Transparent  to  translucent.  Nega- 
tively electrified  by  friction.  It  is  made  up  of  succinic  acid, 
and  is  a  fossil  resin  or  gum.  Comp.,  C  78.82,  H  10.23,  0  10.95, 
with  sulphur  in  small  amounts.  It  is  used  for  ornaments  sucli 
as  beads,  pipe  and  cigar  mouth-pieces,  varnish,  and  the  produc- 
tion of  succinic  acid.    It  occurs  buried  in  Tertiary  rocks  along 
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the  Baltic  coast  from  Dantzig  to  Memel;  in  the  Russian  Baltic 
provinces;  Denmark,  Sweden,  in  England  near  London,  and  on  the 
coasts  of  Norfolk,  Suffolk,  and  Essex.  It  often  has  inclusions  of 
insects,  which  stuck  in  the  gum  when  soft.  Copal  is  a  fossil  resin 
similar  in  appearance  to  amber,  and  mined  in  Zanzibar  for  varnish 
manufacture. 


258.    AsphaUum.    Mineral  Pitch,  or  Bitumen. 

Amorphous.  G.  =  1-1.8.  Luster  like  that  of  black  pitch.  Color 
brownish  black  and  black.  Odor  bituminous.  Soluble  in  oil  of 
turpentine.  It  is  a  mixture  of  different  hydrocarbons,  some  of 
which  are  oxygenated.  It  is  the  base  of  some  petroleums,  as  in 
California  and  Japan,  and  bears  the  same  relation  to  theiA  that 
Ozocerite  does  to  Pennsylvania  and  Caspian  oils.  It  is  found  in 
large  amounts  in  the  Pitch  Lake  of  Trinidad,  which  is  IJ  miles  in 
circuit,  hot  at  the  center  but  solid  and  cold  near  shore,  with  trees 
flourishing  on  the  hardened  Asphaltum.  It  has  probably  been 
dissolved  from  the  rocks  and  precipitated  from  the  hot  waters. 
This  region  in  1898  produced  120,000  short  tons  valued  at  $300,000. 
The  United  States  produced  76,000  short  tons  valued  at  $700,000. 
France  furnished  252,000  tons  worth  $325,000.  Germany,  Italy, 
and  Spain  also  produced  some.  It  occurs  in  Umestones  and  sand- 
stones in  California,  Utah,  and  Kentucky.  Asphalt  is  used  for 
paving,  varnish,  and  paint. 

259.    Petroleum. 

Liquids  or  oils,  in  the  crude  state,  of  disagreeable  odor.  Color 
varying  widely  from  colorless  to  dark  yellow,  brown,  and  nearly 
black;  greenish  brown  being  most  common.  Often  shows  fluores- 
cence in  green  colors.  Some  petroleums  belong  to  the  paraflSxi 
series,  and  if  evaporated  would  leave  paraffin  or  Ozocerite.  Such 
are  those  of  Caspian  Sea,  Pennsylvania,  Ohio,  and  West  Virginia. 
Others  have  an  Asphalt  base,  as  CaUfomia  and  Japan.  Petroleum 
represents  the  distillation  of  organic  remains,  and  is  always  found. 
in  sedimentary  rocks.  When  distilled  various  compounds  are 
obtained  such  as  Kerosene,  Naptha,  Gasoline,  Benzene,  Yaselixie, 
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ParaflBn,  Asphaltum.  In  1899,  the  United  States  produced  57,- 
000,000  barrels  valued  at  $64,000,000,  the  chief  states  being  Ohio, 
Pennsylvania,  West  Virginia,  Indiana,  California,  and  Colorado. 
Next  to  United  States,  Baku,  Russia,  on  Caspian  Sea,  is  chief  pro- 
ducer, then  probably  Japan. 

260.    Mineral  Coal. 

To  the  Carbon  compounds  may  also  be  added  Coal,  the  differ- 
ent kinds  of  which  with  their  analyses  were  given  imder  Graphite 
on  page  360. 
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Azurite,  512 

Balance,  Westphal,  272 

Barite,  652 

Bartholinus,  8 

Basalt,  344 

Basal  pinacoid,  92 

Base,  92 

Bauxite,  490 

Beryl,  560 

Berzelius,  8 

Bevelment,  48 

Biaxial,  286 

Biot,  8 

Biotite,  618 

Birefringence,  282 

Bischofite,  438 

Bismite,  456 

BismutL  364 

Bismutmnite,  380 

Bissectrix,  286 

Bitumen,  668 

Blunted,  48 

Bog  iron  ore,  488 

Bog  manganese,  492 

Boracite,  648 

Borax,  650 

Bomite,  400 

fiort,  354 

Botryoidal,  216 

Bravais,  108 

Braunite,  478 

Breithauptite,  398 

Brewster,  Sir  David,  8,  10,  260 

Brittle  silver,  422 

Bromyrite,  434 

Bronzite,  638 

Brookite,  484 

Brown  spar,  500 

Brucite,  490 

von  Bunsen,  Robert,  8 

Bytownite,  530 

Cairngorm  stone,  446 


Calamine,  596 

Calaverite,  414 

Calcareous  sinter,  498 

Calcite,  494 

Calomel^  426 

Cancrinite,  564 

Canon  spar,  496 

Capillary,  218 

Carbonado,  354 

Camallite,  440 

Camelian,  448 

Caasiterite,  478 

Celestite,  654 

Cerargjrrite,  434 

Cerussite,  510 

Chabazite,  608 

Chalcedony,  448 

Chalcocite,  388 

Chalcophanite,  492 

Chalcopyrite,  402 

Chalcotrichit«,  458 

Chalk,  498 

Change  of  color,  306 

Chemical  mineralogy,  22^-236^ 

molecules,  22 
Chert,  448 
Chiastolite,  584 
Chloanthite,  408 
Chlorite  group,  624 
Chloritoid,  622 
Chondrodite,  594 
Chromite,  474 
Chrysoberyl,  476 
Chiysocolla,  634  . 
Chrj'solite,  574 
Chrysoprase,  450 
Ch^nsotile,  628 
annabar,  392 
Cinnamon  stone,  570 
Circular  polarization,  292 
Citrine,  446 
Classification  of  all  crystal  forms 

by  their  symmetry,  180 
Claudetite,  456 
Clausthalite,  384 
Cleavage,  238 
Cleiophane,  390 
Clinochlore,  626 
Clinohumite,  594 
Clintonite,  group,  622 
Coal,  360,  670 
Cobalt  bloom,  644 
Cobaltite,  408 
Cockscomb  pyrites,  410 
Coefficient  of  expansion,  322 
Cohesion  and  elasticity,  236 
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Colemanite,  650 
Color,  296 

change  of,  306 

play  of,  306 
Color  scale,  Newton,  286 
Colors,  peculiarities  in  the  arrange- 
ment of,  306 
Columbite,  638 
Columnar  structure,  212 
Combination,  46 

oscillatory,  188 
Composition  face,  190 
Concretionary,  218 
Conductivity,  heat,  31 S 
Congruent,  70 

Constancy  of  interfacial  angles,  30 
Contact-goniometer,  32 
Contraction,  action  of  heat  on  crys- 
tals in  respect  to  expansion  or,  320 
Copper,  370 
Copper,  gray,  420 
Copper  pyrites,  402 
Coralloidal,  216 
Cordierit«,  562 
Corundophilite,  624 
Corundum,  462 
Cossyrite,  550 
Covellite,  396 
Critical  angle,  280 
Crocidolite,  558 
Crocoite,  658 
Cryolite,  438 

Cryptocrystalline,  IS,  214 
Cryptoperthite,  522 
Crystal,  definition  of,  10,  14,  20 

aggregate,  18 

aggregates,  184 

angle,  30 

edge,  30 

face,  symmetry  of,  44 

form,  44 

forms    classified   by  their   sym- 
metry, 180 

habit,  28 

individual,  10,  16 

molecules,  22 

planes,  imperfection  of,  206 

rock,  444 

structure,  22,  24 

system,  50 
Crystalline,  20 

aggregate,  18 

aggregates,  212 
Crystallizing  force,  strength  of,  26 
CrystalloOTaphic  axes,  34 

mineralogy  (def.),  12 


Crystallographic  notation,  systems 

of,  38 
Crjrstals,  imperfections  in,  206 

internal  impurities  of,  210 

skeleton,  188 

twin,  188 
Cube,  56 

Cummingtonite,  550 
Cuprite,  458 
Curve  of  elasticity,  268 

hardness,  262 
Cyanite,  586 

Dacite,  344 

Dana,  J.  D.,  10 

Danaite,  412 

Dana    system    of    cnk'stallographic 
notation,  40 

Dannemorite,  550 

Datolite,  586 

Deltoid  dodecahedron,  74 

Dendritic,  216 

Descloizeaux,  8 

Descriptive  mineralogy',   definition 
of,  12 

Determinative     minf^'-a'ogy,     defi- 
nition of,  12     n 

Diabase,  344 

Dialla^e,  542 

Diamagnetic,  334 

Diamond,  352 

Diaphaneity,  296 

Diaspore,  486 

Diathermaneity,  318 

Diathermanous,  318 

Diatoms,  454 

Dichroism,  302 

Dichroscope.  304 

Didodecahedron,  68 

Digonal  axes,  52 

Dihexagonal  prism,  112 

pyramid,  114 
'Dikes,  348 

Diller,  J.  S.,  10 

Dimorphous,  220 

Diopside,  542 

Dioptase,  578 

Diorite,  344 

Diploid,  68 

Dispersion,  288 

Distortion,  28,  206 

Ditetragonal  prism,  86 
pyramid,  86 

Ditrigonal  prism,  138 

Divergent,  214 

Dodecahedron,  deltoid,  74 
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Dodecahedron,  pentagonal,  70 

rhombic,  66 

tetrahedral  pentagonal,  76 

trigonal,  74 
Dodecant,  34,  108 
Dog-tooth  spar,  496 
Dolomite,  500 
Domes,  154 
Double  refraction,  282 

effect  of  heat  on,  324 
Doubly  refracting  spar,  496 
Drusy,  218 
Dry  bones  ore,  504 

Edenite,  656 

Edge,  crystal,  30 

Edges,  similar,  46 

EisBolite,  562 

Elasticity,  cohesion  and,  236 

curve  of,  268 

figure,  268 

tenacity  and,  264 
Electricity  and  magnetism,  328 

frictional,  328 
Electrum,  368 

Elements,  distribution  of,  350 
Embolite,  434 
Emerald,  662 
Emery,  462 
Enantiomorphous,  66 
Enargite,  424 
Endlichite,  644 
Enstatite,  538 
Epidote,  590 
Epsomite,060 
Epsom  salt,  660 
Erythrite,  644 
Essential  mineral,  342 
Etching  figures,  254j 

planes,  254 
Evolution,  344 
Expansion,  coefficient  of,  322 
Expansion   or  contraction,   action 

of  heat  on  crystals  in  respect  to, 

320 
Extraordinary  ray,  284 

Famatinite,  424 
Feel,  336 

Feldspar  group,  518 
Fibriform,  212 
Fibrous,  212 
Figures,  elasticity,  268 

etching,  254 

interference,  290 

pressure  and  percussion,  252 


Figures,  reflection,  308 
Fifiform,  218 
Fiorite,  454 
Fixed  forms,  62 
Flint,  450 
Fluorescence,  312 
Fluorite,  436 
Fluor  spar,  436 
Foliaceous,  214 
Form,  closed,  46 

crystal^  44 

distortion  of,  206 

fundamental,  64 

ground,  54 

open,  46 
Forms,  fixed,  62 

crystal,  classified  by  their  syin 
metry,  180 
Formulse,  mineral,  230 
Fowlerite,  548 
Fracture,  256 
Franklinite,  474 
Frictional  electricity,  328 
Fumarole,  480 
Fundamental  form,  54 
Fusibility  and  melting-point,  326 

Gabbro,  344 
Gahnite,  470 
Galena,  384 
Garnet,  670 
Gamierite,  630 
Genthite,  630 
Geodic,  218 
Gersdorffite,  408      ' 
Geyserite,  454 
Glaucodot,  404 
Glauconite,  632 
Glaucophane,  668 
Gliding  planes,  250 
Globular,  216 
Gmelinite,  610 
Gneisses,  348 
Gold,  364 
Goniometer,  32 
Gothite,  486 
Grailich,  8 
Granite,  344 
Granular  structure,  214 
Graphite,  368 
Gravity,  specific,  268 
Gray  copper,  420 
Greenockite,  396 
Greisen,  480 
Grossularite,  570 
Groth,  Paul,  8,  268 
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Ground-form,  54 
Growths,  isomorphous,  202 

parallel,  186 

regular,  204 
Griinerite,  550 
Guanajuatite,  380 
Gypsum,  658 
Gyroidal  hemihedrism,  66 

Habit,  crystal,  28 
Haidinger,  8,  304 
Halite,  426 
Hardness,  258 
curve  of,  262 
Harmotome,  608 
Hausmannite,  476 
Haiiy,  R.  J.,  8,  22 
Haiiynite,  566 
Heat,  316 

action  of,  on  crystals  in  respect 
to  expansion    or   contraction, 
320 
effect  of,     on     refractive     index 
and  double  refraction,  324 
Heavy  spar,  652 
Hedenbergite,  542 
Hematite,  464 
Hemihedrism,  48 

conditions  limiting,  48 

gyroidal,  66 

hexagonal,  118 

isometric,  64 

monoclinic,  170 

orthorhombic,  160 

pentagonal       or       parallel-face 

(Isom.),  68 
plagiohedral,  66 
pyramidal  or  parallel-face  (Hex.), 

122 
pyramidal  or  parallel-face  (Tetr.), 

98 
rhombohedral    or    inclined-face, 

124 
sphenoidal  or  inclined-face 

(Orth.),  160 
sphenoidal  or  inclined-face 

(Tetr.),  102 
tetragonal,  94 
tetrahedral  or  inclined-face 

(Isom.),  72 
trapc^zohedral  (Hex.),  120 

(Tetr.),  94 
triclinic,  178 
Hemimorphiam,  48,  178 
(Hex.),  148 
(Orth.),  162 


Hemimorphism  (Tetr.),  106 

Hercynite,  470 

Hessite,  384  B'J 

Heteromorphism,  128 

Heulandite,  606 

Hexagonal  basal  pinacoid,  116^ 

hemihedrism,  118 

hemimorphism,  148 

prism  of  the  first  order,  116 
''  *'  ''  second  ''  116 
"      "    "  third      "      122 

pyramid  of  the  first  order,  114 
''  *'  second'*  114 
"   ''    third     "     122 

rhombohedron  of  the  first  order, 
126 

rhombohedron    of     the     second 
order,  146 

rhombohedron  of  the  third  order, 
144 

scalenohedron,  124 

system.  106 

tetartonedrism,  134 

trapezohedron,  120 
Hexanedron,  56  j 
Hexoctahedron,  60  - 

Hextetrahedron,  72 
Holohedrism,  48 
Hornblende,  556 
Homblendite,  344 
Horn  silver,  434       J 
Homstone,  448 
Host,  204  \ 

Hiibnerite,  662 
Humite,  594 
Hyalite,  454  r 

Hyalophane,  522 
Hydrophane,  454         '. 
Hypersthene,  538 

Ice.  458 

Iceland  spar,  496 
Icositetrahedron,  58 

pentagonal,  66       j 
Iddings,  J.  P.,  10     g 
Idocrase,  580 
Igneous  rocks,  342 
Ilmenite,  466 
Imitative  shapes,  216 
Impalpable,  214 
Imperfections  in  crj-stals,  206 

of  crystal  planes,  206 
Impurities,  internal,     of     crj'stals, 

210 
Inclined-face  hemihedrism  (Hex.), 
124 
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Inclined-face  hemihedrism  (Isoxn.), 
72 

(Orth.),  160 

(Tetr.),  102 
Incongruent,  66 
Index  of  refraction,  278 
Individual,  crystal,  10,  16 
Infusorial  earth,  454 
Interfacial  angle,  30 

constancy  of,  30 
Interference,  276 

colors,  286 

figures,  290 
lodobromite,  436 
lolite,  562 
Iridescence,  306 
Iridium,  376 
Iridosmine,  380 
Iron,  376 

Irregular      heterogeneous      aggre- 
gates, 204 
Irregular      homogeneous      aggre- 
gates, 202 
de  iTsle,  Rom^,  8 
Isodimorphism,  220 
Isometric  hemihedrism,  64 

system,  52 

tetartohedrism,  76 
Isomorphism,  12 

law  of,  202 
Isomorphous  growths,  202 
Isotherms,  320 
Isotropic,  276 

Jade.  546,  554 
Jadeite,  546 
Jasper,  446 
Jeficrsonite,  542 

Kainite,  658 
Kaolinite,  634 
Kemp,  J.  F.,  10 
Kieserite,  658 
Kidney  ore,  466 
von  Kobell,  8,  328 

liabradorite,  530 
Lacroix,  10 

Lamellar  structure,  214 
von  liang,  Victor,  50 
Lapis-lazuli,  568 

Law    of    constancy   of    interfacial 
angles,  30 

of  isomorphism,  202 

of  rationality  of  indices  or  simple 
mathematical  ratio,  34 


Law  of  refraction,  278 

of  symmetry,  42J 
Lazunte,  568 
Lead,  374 
Lederite,  636 
Lepidolite,  618 
Lepidomelane/^622 
Leucite,  634     ] 
Leucitohedron/  58 
Light,  276 
Limburgite,  344 
Limonite.  488 
Line,  molecular,  26 
Linnseus,  8 
Liparite,  344 
Lodestone,  472 
Lollingite,  414 
Luster,  314 

Magnesite,  500 
Magnesioferrite,  474 
Magnetic  pyrites,  400 
Magnetism,  332 
Magnetite,  470 
Malachite,  512 1 
MammiUajy,  216 
Manganite,  488  j 
Marcasite,  410 
Margarite,  622 
MariaUte,  578 
Massicot,  460 
Massive,  26 
Meerschaum,  632 
Meionite,  578 
Melaconite,  460 
Melanite,  572 
Melaphyr,  344 

Meltmg-point,   fusibility  and,  326 
Menaccanite,  466 
Mercury,  372 
Merohedrism,  48 
Mesosiderites,  378 
Metamorphic  rocks,  346 
Meteorites,  378 
Miargyrite,  416 
Micaceous,  214 
Mica  sroup,  612 
Michel-L6vy,  A.,  10 
Microchemical  analysis,  234 
Microcline,  522 
Microcrystalline,  18 
Microperthite,  522 
Miller,  W.  H.,  8 
Millente,  398 

Miller  system    of   crystallographic 
notation,  40 
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Mimetite,  644 
Mimicry,  192 
Mineral,  accessory,  342 

definition  of,  2 

coal,  360,  670 

essential,  342 

formulae,  230 

pitch,  668 

veins,  348 

wax,  666 
Mineralogy,  2 

classification  of  subject,  12 

descriptive,  definition  of,  12 

determinative,  definition  of,  12 

historical  development  of,  4 
Minium,  478 
Mitscheriich,  8,  12,  202 
Mohs,  258 
Molecular  line,  26 

plane,  26 
Molecules,  chemical,  22 

crystal,  22 

physical,  22 
Molybdenite,  382 
Molybdite,  456 
Monazite^  638 
Monoclinic  hemihedrism,  170 

system.  162 

tetartonedrism,  170 
Moonstone,  522,  528 
Moor's  heads,  598 
Mountain  cork,  556 

leather,  554 
Muscovite,  614 


Nail-head  spar,  496 

Natrolite,  610 

Natron,  514 

Naumann,  8 

Naumann     system     df     crystallo- 

graphic  notation,  40 
Needle  ore,  466 
Nephelite,  562 
Nephelite  syenite,  344 
Nephrite,  554 
Newton  color  scale,  286 
Niccolite,  398 
Nickel  bloom,  646 
Nicol  prism,  290 
Nigrine,  482 
Niter,  648 
Nodular,  216 
Norite,  344 
Nosean,  566 
Noselite,  566 


Octahedrite,  484 
Octahedron,  56 
Octant,  34 
Odor,  336 
Oligoclase,  528 
Olivine,  574 
Onyx,  450 
Oolitic,  218 
Opal,  452 
Opalescence,  306 
Optical  axis,  284 

character,  284 
Ordinary  ray,  284 
Orpiment,  380 
Orthite,  592 
Orthoclase,  518 
Orthorhombic  hemihedrism,  160  * 

hemimorphism,  162 

sphenoid,  160 

system,  150 
Oscillatory  combination,  188 
Ottrelite,  622 
Ozocerite,  666 

Palladium,  376 
Paper  spar,  496 
Paraffin,  native,  666 
Paragonite,  616 

Parallel-face   hemihedrism    (Hex.), 
122 

(Isom.),  68 

(Tetr.),  98 
Parallel  growths,  186 
Paramagnetic,  334 
Parameters^  34 
Paramorphism,  228 
Pargasite,  556 
Parting,  248 
Pearl  spar,  600 
Pectolite,  548 
Peculiarities  in  the  arrangement  of 

colors,  306 
Penninite,  624 
Pentagonal  dodecahedron,  70 

hemihedrism,  68 

icositetrahedron,  66 
Percussion   figures,    pressure   and, 

252 
Pericline,  526 
Peridotite,  344 
Perthite,  522 
Petroleum,  668 
Petzite,  384 
Phanerocrystalline,  214 
Phantom,  28 
Phenacite,  576 
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Phenocrysta,  342 
PhillipBite,  606 
Phlogopite,  620 
Phonolite,  344 
Phoephorescence,  310 
Phosphorite,  642 
Physical  molecules,  22 
Picotite,  470 
Piedmontite,  590 
Piezoelectricity,  330 
Pinacoid,  basal,  02 
Pinacoids,  46  , 
Pirreon,  L.  V.,  10 
Pisolitic,  218     "--* 
Plagioclase,  518 
Plagiohedral  hemihedrism,  66 
Plane,  molecular,  26 
h  twinning  190 
Planes,  etcning,  254 
I  glidinc,  260 
'    vicinal,  210 
Plasma  450     ' 
Platinum,  374 
Plattner.  8 
Plattnerite,  484 
Play  of  color,  306 
Pleochroism,  302 
Pleonaste,  468 
Pliny  the  Elder,  6 
Polarization,  288 

circular,  2i92 
Polarizer,  290 
Pole,  analogue,  180 

antilogue,  180 
Polianite,  482 
Polyadelphite,  572 
Polybasite,  422 
Porphyritic,  342 
Powelfite,  664 
Prehnite,  594 
Pressure    and    percussion    figures, 

252 
Prisms,  46 
Prochlorite,  624 
Proustite,  418 
Pseudomorphism,  222 
Psilomelane,  492 
Pyramidal  hemihedrism  (Hex.),  122 

(Tetr.),  98 
Pyramids,  46 
Pyrargyrite,  416 
Pyrite,  404 
Pyrites,  cockscomb,  410 

magnetic,  400 

spear,  410 
Pyroelectricity,  328 


Pyrolusite.  484 
Pyromorpnite,  642 
Pyrope,  570 
Pyroxene,  540 

group,  536 
P3rroxenite,  344 
Pyrrhotite,  400 

Quartz,  440 

Quartz  porphyry,  344 

Quenstedt,  8 

Radiated,  214 

Rammelsbergj  8 

Rammelsbemte,  404 

vom  Rath,  Gerhard,  8 

Ratio,  axial,  80 

Rationality  of  indices,  law  of,  34,  38 

Realgar,  380 

Reflection  figures,  308 

Reflection-goniometer,  32 

Refraction,  278 

law  of,  278 
Refractive  index,  278 

efifect  of  heat  on,  324 
Regular  growths,  204 
Renifqrm,  216 
Reticulated,  214,  218 
Rhodochrosite,  504 
Rhodonite.  548 
Rhombic  aodecahedron,  56 
Rhombic  section,  198 
Rhombohedral     or      inclined-face 
hemihedrism,  124 

tetartohedrism,  144 
Rhombohedron  of  the  first  order, 
126,  144 

of  the  middle  edees,  128 

of  the  second  order,  146 

of  the  tiurd  order,  144 
RhyoHte,  344 
Richterite,  550 
Riebeckite,  558 
Rock,  340 

crystal,  444 
Rocks,  classes  of,  340 

igneous,  342 

metamorphic,  346 

plutonic,  342 

sedimentary,  342 

volcanic,  342 
Rontgen,  320 
Rose,  Gustav,  8,  10 
Rose,  Heinricn,  8 
RosenbOsch,  10 
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RubcUite,  600J  '                            i 

Specific  gravity,  268 

Ruby,  462 

Specular  iron,  464 

silver,  418     3 

Sphalerite,  390 

RutUe,  482      a 

Sphene,  636 

K 

Sphenoid  (Orth.),  160 

Safflorite,  404 

(Tetr),  102 

Sapenitic,  446 
Sal-ammomac,''432     J 

Sphenoidal    hemihedrism    (Orth.), 

160 

Salt.  426 

(Tetr.).  102 
tetartohedrism,  106 

Sazudine,  520 

Sapphire,  462 
Sard,  448 

Sperrylite,  410 

Spessartite,  670 

Satin  spar,  498,  506,  660 

Spinel,  468 

stone,  506 

Spodumene,  546 

Scalenohedron  (Hex.),  124 

Sporosiderites,  378 

(Tetr.),  102 

Stalactite,  498 

ScapoUte  group,  578 

Stalactitic,  218 

ScheeUte,  664 

Stalagmite,  498 

Schefferite,  542 

Stannite,  404 

Schists,  348 

Staurolite,  602 

Schorlomite,  574 

Steatite,  632 

Sderometer,  262 

Stellated,  214 

Section,  rhombic,  198 

Stellular,  214 

Sedimentary  rocks,  342J 
von  Seebeck,  262 

Steno,  8 

Stephanite,  422 

Selenite,  658 

Stembergite,  390 

Senarmont,  8,  320 

Stibnite,  382 

Senarmontite,  454 

Stilbite,  608 

SepioUte,  632 

Stolzite,  664    ' 

Sericite,  616 

Streak,  296 

Serpentine,  628 
Seybertite,  624 

Stream  tin,  480 

Strength  of  crystallizing  force,  26j 

Shapes,  imitative,  216  \ 

Stromeyerite,  388 

Siderite,  502 

Strontianite,  510 

Siderites,  378 

Structure,  columnar,  212 

Silicic  acids,  232,  516 

granular,  214 
lamellar,  214 

Siliceous  sinter,  454 

Sillimanite,  584 

Struvite,  644 

Silver,  368 

Subindividuals,  188 

brittle,  422 

Succinite,  666 

horn,  434 

Sulphur,  360 

ruby,  418 

Sunstone,  528 

Simple  mathematical  ratio,  law  of, 

Syenite,  344 

34,36 

Sylvanite,  414 

Sinter,  calcareous,  498 

Sylvite,  432 

siliceous,  454 

Symbol,  38 

Skeleton  crystals,  188 

Symmetry,  axis  of,  4411 

Smaltite,  408 

classification  of  planes  of,  44 

Smaragdite,  556 

crystal  forms  classified  by  their. 

Smithsonite,  504 

180 

Soapstone,  632 

definition  of,  42] 

Sodalite,  566 
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